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PREFACE 


The book is written according to the newly introduced syllabus for 
Classes KI and XII of the Higher Secondary Course with effect from 
1985. The experiments have been grouped according to the branch 
of Physics to which they belong. 


A list of the apparatus and accessories required for an experiment 
has been given at the beginning of the work. There are different forms 
of apparatus for the same experiments. It is not possible to describe all 
of them. So, We have described only those which are more common 
and are used more often. The teacher will kindly help the student if 
the apparatus to be used is different from the one described. In doing 
so, the sameness of the principle should be pointed out. 


For every experiment, detailed instructions have been given about 
how to doit. The way how to write up the experiment has also been 
shown in each case. Where the ‘Observations’ can be recorded in 
a tabular form, the form of the table has been shown. In some cases, 
the steps in the experiment have been illustrated with diagrams. I 
hope these will help the student in his work, and the teacher in his 
supervision. But a book can never replace the teacher. The teacher 
is indispensable. 


Before discussing the experiments of a group, some basic matter ° 
relating to the group has been explained. ‘For:example, before taking 
up the experiments on ‘Current Electricity’, we have tried to give the 
student a working idea of the ‘electric cell’, ‘voltage of a cell’, ‘resistance 
boxes’, ‘rheostats’, ‘the electric circuit’, ‘key’, etc. May be, some 
student will have to do some electrical experiment before he has read 
enough about electricity. Such material is likely to help him and 
reduce the teacher’s load. 


Two things, though not specifically mentioned in the syllabus, 
are essential to all experimental work. These are: (i) an idea of 
experimental error and (ii) an idea of the number of significant digits 

‘insa measurement. Without these ideas, laboratory work becomes 
senseless mechanical work. Unfortunately, such senseless work is 


much more common than is supposed. It may be seen even at the 
post-graduate level. 


It should be the duty of a teacher to draw the attention of the 
students to these two ideas. To help him in this work we have included 


Liv] 
the basic material on ‘Experimental errors’ and ‘Significant digits’ in 
Sections 1-4,5and6. We would request the teacher to refer the student 
to these sections. The student should further be advised to apply this 
knowledge to his work so far as he can. Noone expects him to be able 


to apply the knowledge satisfactorily from the beginning. But he is 
Sure to improve as he progresses. 


After the student has learned about logarithms in his mathematics 
Class, he should be encouraged to use lo 
same time he should be warned that 
table of antilogs may not be significa 


g tables for calculation. At the 


the four digits he gets from the 
nt, 


The weaker student needs 
a question. This has also 


some guidance in findin 


g the answer to such 
been provided. 


A puzzling feature o 


f the syllabus is the wide difference in the 
relative difficulties of th 


e experiments. 


more difficult 
experiments till he acquires skill enough to handle them with 
Confidence, 
The first edition 


of a book is likely to contain errors and omissions, 
though all possible care has been taken to eliminate them. ‘Intimation 

ssion will be gratefully acknowledged, and so also 
any Suggestion for improvement. 


July, 1985, D. 


P. R 
D. R..” 


THE COUNCIL OF HIGHER SECONDARY EDUCATION 
j (NEW SYLLABUS WITH EFFECT FROM 1985) 


PHYSICS PRACTICAL 


5 Two experiments-one from each Group—A and Group—B are to 
be performed in the practical examination. Idea about eye-estimation 
(question will not be set). 


Group—A. 


1. (a) To Determine the volume of a rectangular parallelopiped 

| or a cylinder with the help of slide callipers. i 

f (b) To Determine the cross-section of a given wire by using a 

thy screw-gauge. . 

(c) To Determine the thickness of a given glass plate by using 

a spherometer. 

2. To Determine the volume of a given solid of irregular shape, 
heavier than and insoluble in water by hydro-static balance. 

3. To Determine the specific gravity of a given solid of irregular 
shape, heavier than and insoluble in water by hydro-static balance. 

4. To Determine the sp. gt. of a given liquid by the Hare’s 
Apparatus. i 

5. To Determine the sp. gr. of a given liquid by the sp. gr. bottle. 

6. To verify the laws of reflection of light by ray tracing with 

T pins. (At least three differen rays are to be taken). 

r 7. To show that in case of reflection on a plane mirror the object 
distance is equal to the image distance. (At least three different rays 
are to be taken and rays to be traced with pins). 

N 8. To verify the laws of refraction of light. (At least three diff- - 
erent rays are to be taken.) 

9. To Determine the focal length of concave mirror by the method 
of coincidence. 

10. To Determine the yelocity of sound in air by resonance of 
air column by elimination of end correction (neglect correction due 
% to moisture and temp.) 

11. To Determine the frequency of a tuning fork by its reso- 

X nance with air column, velocity of sound being supplied. 

12. To locate the poles of a given bar magnet. 


N.B. At least 10 experiments including expt. No. 1 are to be taught 
by the institutions. 


KULI 


Group—B 


1. To Determine the Sp. gr. of a bod: 
by using hydro-static balance. 

2. To Determine the Sp. gr. of a granular solid insoluble in water 
with the help of a Sp. gr. bottle. 

3. To Draw L—T?2 curve by 
help of a simple pendulum for a I 
tions and to calculate the value of 

4. To verify Boyle’s law for a 
Pressures—atmospheric pressure, 

“above the atmospheric pressure— 

Selo verify Hooke’s law b 


y lighter than. water (wax) 


determining time periods with the 
cast five different lengths of oscilla- 
g, the acceleration due to gravity. 
gaseous material using five different 
2 pressures below and 2 pressures 
by showing py as constant. 


y drawing load-elongation curve. 
6. To Determine the Sp. heat of a given solid by the method of 
mixture (Radiation loss is to be neglected). 


1. To Determine the focal length of a given convex lens by u—v 
method using pins or screen and 


a luminous object (At least five diff. 
object distarces Should be used.) 
8. To trace ma 


Oho) verify ohm’s law using ammeter and voltmeter, 
10. To verify the laws of combination of two resistances (a) in 
series and (b) in parallel by using a P.O. Box. 


Wks “Gey Determine the value of an 


unknown resistance with the 
help of a met 


re bridge (Neglect end-correction.) 
an ammeter) and h 
Ponding to a given 


N. B. At least 10 experi 
by the Institutions, 


s: 


Ts, 


Exp. 
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CHAPTER 


1 DISCUSSION OF SOME BASIC TOPICS 
ON LABORATORY WORK 


The beginner comes across quite a number of difficulties when 
he first enters the laboratory for work. This is due to his lack of 
knowledge about some basic facts relating to laboratory work. 
Unfortunately, he hardly acquires the necessary knowledge or receives 
the necessary instructions before beginning his work. No book.can 
replace the teacher in giving the student the necessary knowledge or 
instruction. But we can at least discuss some useful things—the 
A B Css of laboratory work. These may include 

(1) Preparation for the experiment; 

(2) Performing the experiment; 

(3) Writing up the experiment (Rough and Fair Note Books); 

. (4) An idea of ‘Significant digits’ in his measurements; 

(5) An idea of ‘Experimental errors’ in physical measurements; 

(6) Drawing of graphs. 

Let us deal with these one after another. 


1-1. Preparation for the experiment : Before coming to the 
laboratory to perform an experiment, read your book and learn all 
that you need know to perform the experiment intelligently. If there 
are things you cannot understand, ask your teacher. If you have 
somebody in your home who can help you in such matters, take his 
help. Bring with you a sharpened pencil, a pen, an eraser, a 
transparent plastic scale, a rough note book, and preferably a geometri- 
cal instrument box. 


1-2. Performing the experiment : Try to do it with intelligence 
and skill. The book contains the necessary instructions. If you 
think you can do a part of it in a better way discuss it first with your 
teacher. When two or more of you work together on the same ex~ 
periment, none of you should be a sight-seer. Each one of you 
should take part in the experiment. When a reading is taken, write 
it down at once in your ‘rough note book’ under an appropriate heading. 
If any apparatus-is broken during the work, report it immediately 
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to the teacher-in-charge. When the work js Over, 


dismantle the 
apparatus, and leave things as you found them before yo 


u began work. 

1-3. Writing up the experiment: A ‘write-up’ of the experiment 
is considered an essential part of the work. There is no standard 
form for the ‘write-up’. But there is a general agreement of Opinion 
about what it should be like. A generally accepted pattern is shown 
below and has been used in this book. You may show this pattern to 
your teacher and ask him if he wants any change. 


(i) Heading: Write the heading of the experiment in cle 
bold letters at the top. Put the date or d 
the left margin. 

Gi) Theory: Write under this headi 
to the experiment. No deduction of an 


ar, 
ates of the experiment on 


that a description of the main 


Perhaps they want 


P tio: 
Gy); Struction and ie. n to help 
1a; : 
may not eae es though a description of 4 
of apparatus Be 5 x line diagram €Presentin th PParatus 
3 otten useful. Tt is not TTangem, 
using shad, Necessa, ent 
dia, 2 =S to represent a three-dimensional ey ‘agrams 
grams given in the book will b, Picture, e kind 
draw. © good enough Or 
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It does not mean that you should draw all the diagrams you find 
here. The purpose of a diagram is to bring out the experimental 
arrangement clearly. Where this can be done without drawing a dia- 
gram, the latter is unnecessary. When a diagram has to be 
drawn, it is most convenient to label the parts. This reduces the writing 
of the description! You will find such labelled diagrams in the book. 

In electrical experiments, the circuit diagram must be drawn. All 
drawings must be in pencil. 


(v) Method: It is generally considered necessary that a short 
account of the “Procedure” or “Method” you have followed in doing 
- the experiment, be included in your write-up. Logically, its place 
is at the end of the experiment. For, after you have completed your 
experiment and calculated the result, you can say how you have done 
it. So, it is best to give a short account of the ‘Procedure’ or ‘Method’ 
followed, at the end of the experiment. 

Since it is an account of what you have done, it is usually written 
in the past tense, such as ‘was done’, ‘was weighed’, ‘was placed’, etc, 
You can as well write it as ‘I weighed it’, ‘I placed it’, ‘I did it’, etc. 
We have used the past tense in illustrating ‘write-up’ of the ‘Method’. 
But we have deviated occasionally and used the first person ‘I’. 


Statement of the method should also include a short account of 
any special precautions you might have found necessary. 


Introductions for the experiment : The preceding part relates 
to the write-up. But before beginning an experiment the student 
must know how to do it. So, immediately after ‘Apparatus’, we have 
given the necessary instructions (within rectangular brackets) under 
the heading ‘Directions for the experiment’. Write-up of the ‘Method’ 
follows on the lines of these instructions. The ‘Directions’ are for the 
student to follow. The ‘Method’ is for his write-up. If the teacher 
gives him different directions the write-up of the ‘Method’ has to be 
changed accordingly. 

(vi) Observation: In doing the experiment, readings of the 
the same or different instruments have to be taken at different times, 
These must be recorded in the note book in the order they have been 
taken. Never use scrap paper for recording readings. Each reading 
must be given a suitable heading, so that any one who sees the record 
can understand what the record relates to. The nature of recording 
has been shown in the book under ‘Observations’. 
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i Such 
herever possible, use tabular forms for recording data. 
Wher zo 
been given. 5 i 
Sn ck ded in decimals. Keep only the ‘sig: 
adings must be recorde € WA 5 
Ena (See Sections 1-4 and 1-5). You will find a a 
ia so aes at the beginning. But if you remember the i 
ane regarding significant digits and follow them 
improve. When in doubt, ask your teacher. i, 
Tile unit in which a quantity has been measured must be stated. 
You will generally use the c.g.s System of units. 


(vii) Calculations and Result : 


» you will gradually 


> multiplication 
page of your note book whether it is ‘Rough’ or ‘Fair’. This is better 
done in pencil as corrections may be necessary. Use log tables if you 
know how to use them. But the four digits you obtain from such 
tables may not all be significant. This Tequires separate Consideration 
(See Section 1-6). 


» division, etc., on the left hand 


y Stated earlier, 


e completed according to instruc- 


In it the entries will 


paratus (with diagram 
Ired), (iv) Observati 
(vi) Result or Conclusion 


oud be mows ot WA If this were insisted 
u retul and neat in his Work, and 
he laboratory. The ‘Fair Note book e; ae one 
and various other malpractices, Though Most 
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Beginning students need not enter into any ‘discussion’ of the 
experiment as he is not mature enough. This may be reserved for 
more advanced stages. 


1-4. Experimental Errors and Significant Digits in an experiment: 
Every measurement contains some error. The word ‘error’ does not 
carry any sense of blame; it means some uncertainty in the value obtai- 
ned. When you say a length is 16 cm, it means you have not noted the 
number of millimetres in the length, or have ignored it. If your scale 
had no millimetre divisions, you might guess by eye-estimation (Section 
2-1.2) that the millimetre portion in the length was 2. In that case 
you would express the length as 16'2 cm. With the scale divided in 
millimetres, you may estimate that there is a further 0°4 of a millimetre 
division in the length. You then say that the length is 16°24 cm. 

From the above example, you see that in each case there is some 
uncertainty in the last digit because the next digit is not known. You 
may make the measurement finer and finer; but the last digit is always 
uncertain to an unknown extent. 


There are two significant digits, namely 1 and 6, in your first 
statement of length. There is some uncertainty or error in the last 
digit 6, because the digit in the next decimal place is not known. (This 
applies even if the next digit is zero.) In such a case we assume that 
16 here means any value between 15°5 and 16°5—but we do not know 
more precisely what it is. 


When you say that the length is 16:2 cm, there is some uncer- 
tainty in the last digit 2; but the magnitude of the uncertainty 
is not known. So we take it that the real value lies somewhere between 
16°15 cm and 16'25 cm. The measure 16:2 is given up to three 
significant digits. Ifthe last digit were zero (0) instead of 2, the measure 
still has three significant digits. Though in arithmetic 16 and 16:0 
mean the same thing, it is not so in physical measurements. 16 has 
two significant digits, but 16:0 has three. It means that the latter 
measure is more precise than the former. 

When you state the length as 16°24 cm there are four signifi- 
cant digits in your measure. But the usual uncertainty in the last 
digit always persists. — 


As you make your measurement finer and finer, you get more 
significant digits in the measure. This reduces the actual or ‘absolute’ 
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error in the measurement, but some uncertain: 


ty in the last digit, however 
small, always persists. 


Causes of error. There are various reasons for error in a 


measurement. Here we may consider only two kinds of error, namely, 
@ Gross error and (ii) Systematic error. 

G) Gross error: If in reading a scale or recording a reading 
you make a mistake, it is called a gross error. Suppose a length is 


32 cm; but you read it as 82 cm or 42. cm. This is a gross error. If 
you write 23 cm in pl 


‘ace of 32 cm, this is also a gross error. All of 
us make such mistakes some time or other, particularly when we are 
tired. 


When more than one sti 
can be eliminated if eac 
When working singly, take a reading thrice. When you repeat a read- 
ing never try to remember the reading taken earlier. This will bias 
you in favour of the firstreading. If the first reading was wrong, the 
Second will also be wrong. 


udent take the same reading, 


a gross error 
h one of them take the reading i 


independently. 


(ii) Systematic error. An error which always gives a higher value 
or always a lower value than the true one is a Systematic error. There 


are several reasons for it. But we shall mention only two, One of 
them is called Instrumental error, Suppose a metre scale has lost a 


Portion from its zero end. This Scale will always give too high a value 
of the length it reads. In a slide callipers (Section 2-2) or a screw 


low. 
They can always be 


a e same time, personal error makes the readings a little 
different, When this Occurs, take the mean value. In taking the 
mean don’t increase the number of Significant digits Suppose three 
of you, working together, rea 
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Their arithmetic mean is 24:633.... But the physical mean is 24:6 as 
the mean should have only three significant digits. 


1-5. Errors in reading instruments and Percentage error: It is 
useful to have some idea of the error in the last digit in the readings of 
different instruments. We give below a list of such values. They 
hold approximately. In skilled hands, the error will be less. “An 
unskilled worker may have more error. 


Instrument Approximate error 

Metre scale (graduated in millimetres) 05 mm 

Silde callipers (Vernier constant=0'1 mm) 0:05 mm 

Screw gauge (Least count=0:01 mm) 0:01 mm 
Common balance 0:02 g 

(Depends on sensitivity) 

Thermometer (graduation in 1 C deg) 0:2°C 

Stop clock (1 second graduations) 0°5 second 


The approximate errors we have listed above are known as absolute 
errors. The ratio of the absolute error to the value measured in called 
the fractional error in the value. Percentage error is the fractional 
error expressed in percents. 


Percentage error : The percentage error in the vaue of a quantity _ 
will be smaller the larger the quantity is. Suppose a length measures 
50cm. Ifthe error in the measurement is 0:5 mm, the 

percentage bore x 100=0'1%. 
50 cm 
But if the length is 5 cm, the percentage error, calculated as above, 
will be 1%, which is ten times the above value. So, the larger the 
quantity to be measured, the less the percentage error. 


1-6. Significant digits in addition, subtraction, multiplication and 
division : This may be realized from actual arthmetical operations. 
Examples are given below. In all cases the last digit is uncertain. 


(i) Addition” (ii) Subtraction 
1:234 156:23 (5 significant digits) 
0:0032 125:7 (4 significant digits) 
2:5 
30°53 (3 significant digits) 
3°7372 (The difference should be written 
(The sum has only two as 30:5) 


significant digits. It 
should be written as 3:7) 
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(iii) Multiplication (iv) Division 
igni igi ig. dig.)—-234 (3 sig. dig.) 
1.23(3 significant digits) 1235 (4 sig. dig.) 234 lig 
igni t digits 234)1235(5.27 (3 significant digits 
eee ee von in the quotient) 
46 4 
3 650 
—— 458 
1.476 (2 significant digits) —— 
a 1820 
1638 
182 


In a multiplication or a division, the number of significant digits 
in the product or quotient is equal to the smallest number of significant 
digits in the numers to be multiplied or divided, 

Use of approximation in the last significant digit. 
Operations, if you find that the figure following the last Significant 
digit is 5 or more, increase the digit by 1. If it is less than 5, leave the 
last significant digit unchanged. Examples : (i) 25:5 X2'3=59-65, 


It should be written as 60. (ii) 24°5X23=56:35, It should be 
written as 56. 


When a digit in a number is 
and should not be retained in c: 


In mathematical 


uncertain, the next di 


git has no Sense, 
alculating results. 


1-7. Graphs. In some ex 
a graph or to use a graph for cal 
We are concerned with, instru 
draw the graphs, 


Periments you are required to draw 
culating the result. 
ctions have been gi 
Some general instruct! 
(i) Wherever Possible, 
in Boyle’s law, instead 
a P ys. 1/V graph. This 


In the experiments 
ven about how to 
ions may be given here. 


try to get Straight line graphs. For example, 


of drawing P ys, Kie. P-V) graph, draw 
latter will be a straight line. The former 


g an /—T graph, 
It is a Straight line, Straigh 


by lookin at th if your 
work has been really good. i Beery 
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(iii) Either mark the values of the quantity along the axis at suit- 
able intervals, or state how many small squares of the graph represent 
a unit of the quantity. The former is better. 


(iv) The points plotted on the graph should be marked by a cross 
(Xx), or by a dot (') surrounded by a small circle. You need not write 
the co-ordinates of the point on the graph. It gives the graph a clumsy 
look, and is unnecessary if you have followed the last instruction. 


(v) Choose units along each axis so that the larger part of the 
graph paper is utilized. But in doing so don’t choose inconvenient 
units. (1, 2, 4, 5 or 10 small divisions may conyeniently represent one 
unit, but not 3, 6 or 7.) 

(vi) To draw a graph, you should preferably plot at least 5 points. 
If is is a straight line, use a transparent, plastic scale to draw the line. 
It should pass through as many points as possible. Points which do 
not fall on the line should bz evenly distributed on two sides of the line. 

If the graph is a curve, join them by a smooth curved line. A 
smooth curve is one in which there is no sharp angle between successive 
sections. Points which do not fall on the curve should lie evenly on 
two sides of it. 


1-8. Honesty in experiment. In some experiments, such as the 
determination of the acceleration due to gravity, the result is a known 
one. In verifying Boyle’s law, one knows from the beginning that 
the product PV should be constant. In doing an experiment of this 
kind, that is, one in which the result or the conclusion is known, you 

` may find that one or more of your readings do not lead to the expected 
result. Some students may then be tempted to alter the readings so 
as to fit the result. This is a weakness to which no one should yield. 
If you do so, you cheat yourself and your teacher and defeat the pur- 
pose of training. Besides, you allow your self-confidence to be lowered. 

Remember that in obtaining the standard results (such as the value 
of g, the constancy of the product PV, etc.) much finer instruments 
than yours were used, and highly experienced workers measured the 
quantities over and over again before the results were accepted as 
standard, The accepted values are the mean values of many such very 
carefully planned and executed measurements. Nobody expects that 
with crude apparatus and a few repetitions you will get comparable 
results, A teacher with a little experience will easily detect a cheating. 
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Every reading contains an error, and errors in the values of measur- 
ed quantities combine to produce a greater error in the result. 

Because of the crudeness of the measuring instruments a beginner ` 
works with, and his lack of experience, an error of 1% to 5% may 

well be present in the final result he gets. With experience he learns 
how to reduce the errors. The first step in his work is to be 
the basic measuring instru 


able to use 
ments properly. 


CHAPTER 
2 PROPERTIES OF MATTER 


2-1. Introductory remarks on ‘Properties of matter’ experiments z 
Experiments on the general properties of solids, liquids and gases 
come under this group. The measurements are confined generally 
to those of mass, length and time. We shall use c.g.s units for these 
measurements. 

In every case we shall find that we are reading a scale. Some- 
times it is the distance between two marks or points that we read with 
a metre scale. Sometimes we look for the coincidence of the pointer 
of an instrument with some division mark on its scale, or determine 
where the pointer stands between two division marks. In some cases, 
it is enough to measure a length coarsely. In other cases it needs to 
be measured very accurately. It is therefore necessary for us to get 
acquainted with different instruments for measuring length, and learn 
how to use them. 


2-1.1. Use of a metre scale, A metre scale carries centimetre 
graduation marks from 0 to 100. Each centimetre is divided into 10 
millimetres. The centimetre marks are longer than the millimetre 
marks. (Imm=0'1 cm.) 

In measuring the 
length of a body, keep 
the graduation marks 
of the scale as close to 
it as possible (Fig. 2.1a). 
Do not place the zero 
end of the scale in 
contact with one end of 
the distance to be 
measured, Sometimes 


Fig. 2.1 (Showing proper use of a metre scale. 
the zero end of a scale (a) is proper. Position E> in (b) is proper.) 
is worn out by use. So 


the exact position of its zero becomes uncertain. 


FUNDAMENTAL PRACTICAL PHYSICS 
42 


Look perpendicular to the scale when taking a reading. Otherwise 
ook pe l 0 
you get a wrong value (Fig. 2.1 b). 


2-1.2. Eye estimation : Often one end of the length to be measur- 
d ites Geneon two marks of the scale. We may try to estimate 
£ Siwe . 
the additional fraction ofa division in our 


length by guessing how 
much this may be. The estimated fraction 


may not be correct. But 


Short mark as a decimal fraction of the distance b 
marks in the small diagrams of Fig. 2.2(a), 


Piece of Paper. Ask your friend to do t 
your records and 


etween the two tall 
Note your estimates on a 
he same. Then compare 
check them against the values given below 
Make similar estimates 
he values. For smaller 


In Fig. 2.2(b) the distances are smaller. 


of the Position of the small mark and check ti 


SOS aoa 


Fig. 2.2(b) (Test of cye-estimation) 


(In the different diagrams from right to left, the fractions to be estimated are 
respectively 0.8, 0.3, 0.7, 0.4, 0.2, 0.6, 0.1, 0.5 and 0.9.) 
divisions the values o 
Correct. The width of 


mate requires experience. That 
0:5 mm 


ading 
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2-1.3. The yernier scale. The reguired fraction of the smallest 
division can be determined more 
accurately with an auxiliary scale, 
called the vernier scale. There 
are two types of vernier: (1) Straight 
and (2) Circular. The straight 
vernier is used to measure the 
lengths while the circular vernier 
is used to measure angles. 


VERNIER SCALE 
912345678910 


T 5 S °F. 9 
O MAIN SCALE 1 


Fig. 2.3 (Vernier sale) 


To use a vernier at first we are to determine the vernier constant 
or the least count of the vernier. Itis the difference between one main 
scale division and one vernier division. In general if there are n 
divisions of the vernier scale, it will be equal to (n-1) divišions of the 
main scale. So the vernier constant ((V.C.)=1 main Scale division-1 


vernier division. Since n vernier divisions is equal to (n-1) main 
wae Í ah RH ni... SEa 
Scale divisions, So 1 vernier division is equal to p main scale divisions. 


So V. C=] m.s.d, E m.s.d. = : xscale division. 


In simple straight verniers nine divisions of the main scale are 
divided into ten equal divisions on the vernier scale (Fig. 2.3). 

The vernier scale slides along the main scale, graduated in cm. or im 
inch. One end of the body whose length is to be measured is placed 


1 MAIN SCALE 2 


01 2 34 39-7 à JO 
VERNIS R SCALE 


Fig. 2.4 (Use of vernier scale) 


at the zero end of the main scale. The vernier scale is then moved so 
as to touch the other end of the body (Fig. 2.4). 
How to use a straight vernier scale. 


(i) Note the value of the smallest division of the main scale, 
(Suppose it is 1 mm.) 


(ii) Find how many main scale divisions are equal to an integral 
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number of vernier divisions. (Suppose 9 main scale divisions =10 
vernier divisions.) abe, , 

(iii) Find what fraction of a small scale division the difference 
1 m.s. division —1 v.s. division is. This difference is the vernier 
constant. From the values we have taken above, we find 

A small division on the main scale=1 mm. 

10 divisions on the vernier scale=9 divisions on the main scale, 

l vernier division=9/10 main scale division=0-9 mm. 
Thus, the vernier constant =1 ms. div, —] v.s. diy. 


—1 mm—0:9 mm=0'l mm=0-01 cm. 


(v) Find what division mar 


k of the main Scale the zero of the 
Vernier has crossed, (In Fig, 2, 


4, it is the 2.3 mark.) 


(that is, by 6x01 mm=0'6 mm=0- 

measured is 2:3 cm--0:06 cm=2°36 c 
What value would 

eye-estimation ? 


m. 


you have given to the fractional division by 


value of the smallest division of 
(Suppose it is 0:5°). 

(ii) Find how m 
number of vernier d 
Vernier divisions), 


the main scale 


ivisions, (S 
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30 divisions on the y.s.=29 divisions on the m.s. 


229 THAD ay 2s 

1 v.d.=35 m.s.d.= 39 <0 5 
a eer 
Thus v.c. =1 m.s.d. —1 v.d. =0°5°— 3029 5 


Tiit adl 
3020 5 A degree. 


So the reading is correct upto 1’, 


2-2, Experiment 1(a): To determine the volume of a rectangular 
parallelopiped or a cylinder with the help of a slide callipers. 

Theory: The space occupied by a body is called its volume. If 
I, b and h are the length, breadth and height of a paralllopiped then 
its volume is/xbxXh. The length, breadth or height=[main Scale 
reading-+vernier reading X vernier constant] -+-Zero error. 

{If d be the diameter of the solid cylinder and / its length then 
volume of the cylinder=}7d7/. The length or diameter=(main scale 
reading-+-vernier reading X vernier constant)+-zero error.) 

Apparatus: Slide callipers, a rectangular parallelopiped or a 
cylinder. 


[Description of a slide callipers and directions for the experiment : 


Slide callipers (Fig. 2.5) can measure lengths up to about 10 cm 
with an accuracy of 0:1 mm using a vernier scale (V). V slides along the 


Fig. 2.5 (Slide calipers) 


main scale S. The nut N fixes the vernier at any desired place. The 
‘method of use is described below. 
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d) Loosen the nut N and put the jaws in contact. If the zeros 
of S and V do not agree in this position, the instrument has a “zero 
error’. If the zero of the vernier lies more towards the fixed jaw than 
the zero of the main scale, the amount by which it is nearer should. be 
noted. This value should be added to the apparent reading of a length 
to get the correct length. If the O of V lies on the other side of the 


0 of S, the distance between the two zeros has to be subtracted from 
the apparent reading. 


(2) Find the vernier constant in the way described in Section 
2-1.3. Note the ‘zero error’, if any, stating by its side whether it 
should be added to or substracted from the apparent reading. 


(3) Move the jaws and place between them t 
is to be measured. One end of the body will rest against the fixed jaw 


and the other against the movable jaw attached to the vernier. Fix 
the vernier in this position using the nut N. 


he body whose length 


(4) Take the reading corresponding to the zero of the vernier in 
the way described in Sec. 2-1.3. Add or s 


; ubtract the zero error as 
Teguired to find the final length.] 


Observations 


(i) Vernier constant of the slide-callipers: 


Each small division of the main scale =,..mm 
-divisions of the main Scale=... divisions of the vernier scale 


vernier constant (v.c.) =1 m.s. div. —1 v.s. div. 


=-mm — ..mm=,..mm= ... cm, 
Zero error (Z)=Nil, or.. 


-cm. (to be added/subtract e 
TIA /subtracted) (keep the 


ji 
(ii) Measurement of length, breadth and height (or diameter and length). 
Dimension T No. of Main Scale Vernier | Value of the Vernier | Total reading Mean reading Corrected 
obs reading in cm. | reading reading in cm. in cm. in cm, reading in 
(a) (b) (b) X v.c,=(c) (a)+(c) (m). cm. (mz) 
1. 48 7 7% -01=:07 4:87 
Length 2. 
ete. 
1, 
Breadth 2. 
etc. 
1, 
Height 25 
ete. 
1. (a) 
(b) 
Diameter. 2. (a) 
(b) 
ete. 


i 
Note: In case of cylinder length and diameter are to be measured. 


UWALLVW AO SJILYJdONAd 


pA 


FUNDAMENTAL PRACTICAL PHYSICS 
18 


-Calculations 
The volume of the rectangular parallelopiped 
Sp Oh Xin es e e cm3, 


n at different places and the mean 
value was calulated. (In case of a cylinder the readings of diameter 
at two mutual perpendicular dir 


ections were Noted.) 
(vy) Then the volume of the body was calulated. 


Precautions 
(i) The jaws should 


not be pressed hard. 
dimension to be measured 


Tt will derease the 


& to two mutual 


Perpendicular directions in th al plane should be noted. 


e same diametr. 
Oral Questions and answers ; 
(1) Q. Why vernier is used? 


Ans, 
length, even smaller than the small 


By vernier we can 
est scale division accurate! 


meter of a cylinder two readings at right angles 
? Ans. To avoid the error arising due to non- 
he cylinder, 


measured a very small 
ly. 

2) Q. Why in measuring dia) 

to each other at a Dlace are taken 


uniformity of the Cross-section of t 


(3) To find the volume of a cylinder the diameter of the cylinder should 
be measured very accurately—why? Ans, The diameter of the cylinder Occurs 
in 2nd. power and so it should be measured very accuretely Otherwise a small error 
in the Measurement of diameter will increase the error in calculating volume, 
Experiment 1(b): To determine the cross-section of a wire by screw 
gauge, 


Theory: Ifd be 
given by $r d2, 
reading x Last C 


the diameter of a wire, -section is 
The diameter d=[linear scale reading-+circular scale 
ount] +Zero error, / 
Apparatus ; Screw- 


then its cross 


gauge, wire, 
Description of Screw-gauge 

It is an instrument for measuring lengths of about 2-3 cm with an 
accuracy of 0:001 cm or 0'002 cm. Its essential Part is a finely cut, 
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uniform screw of ‘pitch’ equal to 1 or 0°5 mm. (Pitch is the distance 
between two successive threads of a screw.) When the screw is given 
a single, full turn, its head moves forward or backward by an amount 
equal to the pitch. 
The construction of 
the instrument is 
shown in Fig. 2.6, 
The screw (Sc) can 
move through a simi- 
larly cut tube A 
attached to one arm 
of a U-shaped piece 
of steel. “A line L Fig. 2.6 (Screw gauge) 
runs along the tube A parallel to its axis, and hence to the axis of the 
Screw. It is called the ‘reference line’. A millimetre (or half millimetre) 
scale is etched along it. The scale is called the linear scale. 
Outside A there is another tube B.. Its end near the U is bevelled 
(=sloping). The circumference of this end is divided into 100 (or 
50) equal parts. It is called the circular scale (C. S). The other end 
of B is attached to the screw. When th: head H of the screw is turned, 
th2 screw moves and the circular scale (C. S.) advances or retreats along 
the linear scale L. 


L 
RI 
Hit; 
A 


The end D of the screw is perpendicular to the line L. Opposite 
D, there is a similar parallel surface C at the end of a stud attached 
to the other arm of the U. In an instrument which has no ‘zero error’, 
both the linear and the circular scales read zero when D touches C. 
If the two zeros do not coincide, there is a zero error. 

If the pitch of the screw is 1 mm and the circular scale has 100 
divisions, then the screw head moves by 1/100 mm=0:01 mm when the 
circular scale turns through one division. The amount by which the 
screw head moves when the circular scale turns through only one 
division is called the least count of the instrument. 

Pitch of the screw (p) 
Number (N) of divisions on the circular scale ` 
[If pitch=1 mm and C.S. has 100 div.s., least count—0-01 mm, 
If pitch=1 mm and C.S. has 50 div.s., least count=0-02 mm. 
If pitth=} mm and C.S. has 50 diy.s., least count=0:01 mm.) 


Least count — 
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error. Always examine your screw 

Ton, Turn the head H so that D tou 

EER hs ard. It damages the screw and increases the zero error. 

ape ee that the zero of the circular scale has crossed the reference 

es by how many divisions it has done so. ‘T 
by the least count is the zero error, 

added to the apparent reading to get t! 


two Zeros coincide, there is a gap between C and D. This means when 


gauge for zero error 
ches C softly. Don’t 


the apparent reading is zero there 
Cand D.) On the other hand, 


, the zero: 
error, determined Similarly, should be Subtracted from the apparent 
reading. 


[Directions for the experiment, 


To do so bring the zero of the 
nd give H four (or n) complete 
the bevelled head moves on the 


3 Displacement on linear Scale h 
patch Number of turns ; 
(ii) See how many divisions (N)t 
(iii) Calculate the least count (Pite 
(iv) Determine Zero error, 
none. Otherwise 
subtracted’ as the c 


he circular Scale has 
h/N). 

if any. Record it as ‘nil’ if there is: 
note the value and write ‘to be added? or ‘to be 
ase may be, 


(100 or 50), 


whose 


Sured and turn H So that C and D lightly touch the 

two ends of the body. 

(vi) Note the reading exposed on the linear Scale. (It is 2 in 
Fig. 2.6). 

(vii) Note the circular Scale reading which Coincides with the 
reference line L (It is 43 in the figure.) 

(viii) Since the pitch and least count are known, add (vi) and (vii) to. 
Set the apparent length. Add (or Subtract) the Zero error 
to get the true length.) 


es ya 
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‘Observations. 

Each division of the linear scale=... mm=... cm. 

...(2) complete turns of the screw moves it...(/) divisions along 
the linear scale. 

Henc: pitch of the screw=...(/)/...(n)=...mm=...cm. 

Number (N) of divisions on the circular scale=... 

Least count=pitch/V=... mm=... cm. 

Zero error (Z)=‘Nil’ or ...cm (to be added/subtracted) (Keep the 
one applicable.) 

(Ka) and (b) are right angles (in the same diametral plane)] 


No. of | Linear Scale Gircatar | Value of | Apparent Mean True 


obs. reading in Scale Circular diameter | apparent | diameter 
mm reading Scale in mm diameter in 
(L) (C) reading (L)+(V) | in mm mm 
in mm d’ d=d/+Z 
CXL.C, 
(V) 
1. (a) 1:0 43 434-01—:43 1:43 
(b) 1-0 45 45% -01=-45 1:45 
2. (a) 
(b) | 
etc, 


Calculations : 
~ Hence the true diameter of the wire =... mm=... cm. 

Result: Cross-section of the wire=}nd2=}x3°14x(...)2=... 
Sq. cm. 


Method followed : 

(i) First the pitch, least count and zero error of the instrument 
were found. 

(ii) The diametral side of the wire was placed between. the gap 
by turing the Screw to hold the wire lightly between them and both the 
linear and circular scales were noted. f 

(iii) Another reading at right angles to the first was taken. Did so 
at different places of the wire. 


. 
Precautions. 


(i) The screw should not be pressed hard. It damages the screw 
and increases the zero error. 


`N 
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ii) Two readings corresponding to two mutual perpendicular 
R in the same diametral plane should be noted, 
L 


(iii) The diameter should be measured at least five different Places. 
A small error in measuring d will increase the error in calculating the 
Cross-section, since the diameter occurs in 2nd. power. 


(iv) Back-lash error should be avoided, 


(Note: Back-lash error : When a screw fits into a nut there is 
always some misfit between the two.. 


extent of the wear. There is thus 
circular motions when the direction 
lag is known as back-lash error, 


In using a Screw-gauge, or any device having a micrometer screw, 
back-lash error should be avoided. This can be done by turning the 
screw backward by an amount gteater than the back-lash error, and 
then slowly advancing the Screw to touch the object.), 

Oral Questions and Answers 


0) Q. You are given two Screw-gauges, 
of I.c.=0:005 mm, Which one you prefer? 

Ans. The second one; because by the 2nd Screw-gauge we can measure upto a 
length of 0:005 mm accurately. 


(2) 0. What do you mean by back, 


-lash error? 
Ans. See note of this experiment, 
(8) Q. Why in measuring diameter of a wire two Teadings at Tight angles to 
each other at a place are taken? 
Ans. See oral Question of 1(a) expt, 
(4) 0. To find 


the cross-section of a wire the diameter of the wire should be 
rately-why? 


question of l(a) 


measured very accu 


Ans. See oral Expt. 


Experiment l(c): To determine the thickness of a given glass plate 
by using Spherometer, 

Theory: 7 i 
readings of the 
Plate or base 
count, 


a given glass 
ne base plate, 
€ Teading+ circ 


test plate and th 


Plate is the difference in 
Plate=1 ingar scal 


The reading of the test 
ular scale reading x least 


Apparatus : Spherometer, glass plate. 


. | 
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Description of a spherometer: 

The main purpose of a spherometer is to measure the thickness 
and the radius of curvature of a surface, such as of a spherical mirror 
oralens. Its operation is that of the screw of a screw gauge. 

Construction. The construction of the instrument is shown in 
Fig. 2.7. A finely cut screw S passes 
through a round nut T. which is also 
cut similarly. Three identical arms are 
attached to T at equal angles to one 
another. At the ends of the arms there 
are three equal fine pointed legs. Their 
sharp ends A, B, C form an equilateral 
triangle. The axis of the screw passes 
through the centre of the triangle formed 
by A, Band C. The lower end P of the 
screw is sharp. Its top carries a round ; 
disk. The circumference of the disk is divided into 50 or 100 equal 
divisions. This is known as the circular scale (C.S). The screw, with 
its circular scale, rotate as the head H is trurned. The circular scale 
moves along a linear scale L, which is graduated in millimetres. The 
amount by which the screw moves forward or backward can be read 
with the help of the scales L and C. S. (Compare the screw and the 
scales of a spherometer with those of a screw gauge.) 


Fig. 2.7 ( Spherometer ) 


[Directions for the experiment. 

(i) Note the value of each small division on the linear scale. (It 
is 1 mm or.0°5 mm usually.) 

(ii) Bring the zero of the circular scale into coincidence with some 
mark on the linear scale. Give the head H four full turns and find 
from the linear scale the number of divisions by which the disk has 
moved. Calculate the pitch of the screw from these data. 

(iii) Note the number of divisions on the circular scale. Hence 
calculate the least count of the instrument. 

(Note that (i) to (iii) are the same as for the screw gauge.) 

(iv) To get the initial reading, raise P and place the three points 
A, B. C on a base plate. place the test plate below P. Now lower P 
until it just touches the test plate. (This position may be found as 
follows. Look tangentially along the plate. You will see both 
P and its image in the test plate. The correct position of P is when 
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at just touches its image. 


If this position is crossed 
will rock.) 


» the instrument 
() In this Position read the 
‘give you the initial Teadings. 
(vi) Take out the test 
base plate. Read the li 
‘between the initial readin 


linear and circular scales. They 


ct with the base plate. 


The mean of these values of t 
S of the glass plate.] 


“Observations, (i) To find the le 

Each division of the linear Sc 
--(n) complete turns of the Scre 
the linear scale, 


Hence the pitch of the Scnew =... Q/...@ =... mm = cm. 
Number of divisions on the circular sca 


le=... (N) 


ast count of the spherometer, 
ale = ...mm 


W Moves it...... (1) divisions along 


Least Count=Pitch/N =. 


< Mm=.,,, cm. 
(ii) To find the thickness of the given glass Plate, 
Scale reading when the Screw touches the 
Position, No. - Thick- | Mean 
of the | of test plate base plate Ness of | thick- 
test obs, : = ~ the plate|ness (t) 
plate Linear Circular Total} Linear Circular Total hoa~h,; in 
scale in | scale in h2 | scale in scale in hy in mm. mm, 
mm, mm jin mm| mm mm in mm 
(Gsr~ Le.) | (c.s.r KIC.) | 
Je 
‘One | 2 
face 
3: 
ete, 
Pee eS LL 
‘Other| 2 
a 
face 
ete, 
AAA 
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Result 
Hence, the thickness of the given glass plate =... mm=... cm. 
Method followed. (i) First the pitch, least count were found. 
(ii) The spherometer was placed on the base plate and by 
turning the screw the test plate was placed below the screw. By 
moving the screw downward the screw was just touched the test plate. 
(iii) In this postion both linear and circular Scales were noted. 
(iv) The test plate was taken out below the screw and by turning 
the screw downwards the screw tip was just touched the base plate. 
(v) Again in this position both linear and circular scales were noted. 
(vi) The method were repeated three times. 
(vii) The other face of the glass plate now brought in contact with 
‘the base plate and the method were repeated. 
(viii) From these observations the value of t was calculated. 


2-4.2. An alternative method of use of spherometer 

In the case of an old instrument, the screw becomes loose in the 
nut by use. Due to this play between the nut and the screw, the 
edge of the circular disc may indicate different readings on the linear 
‘scale for different tilts of the screw axis. This gives rise to some 
degree of uncertainty in the linear scale reading. In order to get rid 
of this difficulty an alternative method of taking readings, as stated 
below, may be followed. 


Theory: Let R be the number of complete rotation of the circular 
scale and A be the extra number of circular scale division rotated 
when the screw-tip successively touches the test plate and the base 
plate, then the thickness of the plate is given by 

t=RxXN+AXL.C. 
where N is the total number of circular scale division and L. C. is the 
least count of the spherometer. 


[Directions for the experimet : (i) to (iv) same as (i) to (iv) of the 
previous experiment. 

(v) In this position read circular scale only. 

(vi) Take out the test plate below P. Move the screw downwards 
so as to touch the base plate and at the same time count the number of 
full rotation of the circular scale (if any). Take the circular. scale 


reading. 
(vii) Same as (vii) of the previous experiment. 


J 


An arrow to the right may indicate an 


(viii) While rotating the screw from the first position to the second, notice whether the circular scale reading is 


diminishing or increasing. Note this over the initial reading in your table. 


increase (say), and an arrow to the left a decrease.] 


Observation: (i) To find the least count of the spherometer: 


Same as (i) of the previous experiment. 


(ii) To find the thickness of the given glass plate. 
Position of | No. of | Circular scale | When the screw just touches | Additional no. of | Total No. of | Thickness of the 
the glass obs, reading when the base plate circular scale rotat- | circular scale | given glass plate 
plate the screw just —| ed ‘n?’ n-=(F—1); | rotated t=TXl.c. 

touches the test | No. of full| circular when F <I T=RXN+n in mm. 
plate (I> rotation of the | scale read- | n=[N—(I—F)], 
circular Scale ing When F>I 
(R) (F) 
J; 48 YA 50 2 2% 100+-2=202 
One 2. 49 1 48 100—(49—48)=99 | 1*100+99=199 
> 33 
face : 
etc, 
Other 1 
2s ` 
Bi 
face $ 
ete. 


If the circular scale diminishes then o=[N—(-F)], when F>I; and n=(F-1), when F<I. 


Then give arrow to the left, 


97 
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Result: Mean thickness of the given glass plate=...mm= . cm. 


Method followed : “(i) and (ii) same as previous experiment. 

(iii) In this position the reading of the circular scale was noted. 

(iv) Same as previous experiment. (v) At the same time the 
number of full rotation of the circular scale and the reading of the 
circular scale were noted. 

(vi), (vii), (viii) Same as previous experiment. 


Precautions: 

(i) The readings should be taken carefully when the screw just 
touches the surfaces. 

(ii) Back-lash error should be avoided. (See Screw-gauge experi- 
ment.). 


Oral Questions and Answers: 

(1) Q. What is back-lash error? 

Ans. See note of expt. 1(b). 

(2) Q. Why it is not necessary to find the zero-error in case of spherometer 
as in the case of a screw-gauge? 

Ans. In the case of a spherometer we take the difference of two readings which 
eliminates the error, if there be any. 

(3) Q. Why the instrument is called spherometer? 

Ans. By this instrument we can measure the radius of curvature of a sphrical’ 
surface. That is why this intrument is called spherometer. 


2-5. Weighing a body with a common balance. A common balance 
(also called a ‘beam balance’ or a ‘physical balance’) measures the 
mass of a body by comparison with standard weights of known masses. 

Masses will be expressed in grams (symbol g) and weights in gram- 
weights (symbol g-wt). ‘Mass’ is the amount of matter in a body. 
‘Weight’ means the force with which the earth pulls a body. The 
‘weight’ W of a body of mass m is W=mg where g is the acceleration 
due to gravity. (Don’t confuse the symbol ‘g’ for gram with the 
symbol ‘g’ for the acceleration due to gravity. The former will be 
printed in erect (Roman) type, and the latter in slant (italics) type. 
The international symbol for gram is no longer gm; gm has been dis- 
carded in favour of g.). It is correct to write g-wt when a weight is 
expressed in grams. But where there is no confusion, some authors 
write simply g instead of g-wt. Though not strictly correct, the practice 
is more or less tolerated. Further, some authors use symbols like kgf 
(kilogram force), gf (gram force) for kg-wt, g-wt and the like. 
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Construction of a common balance, 
and the parts labelled. A description in 
ais unnecessary. (Compare the figure wi 
‘laboratory. That isa better way of ge 
than through lengthy descriptions.) 

The common balance can ordinaril 


‘of 0:01g. For greater accuracy 
‘are used. 


It has been shown in Fig. 2.8 
words will be too lengthy and 
th a common balance in your 
tting familiar with an instrument 


y weigh a body with an accuracy 
‘chemical balances’ using ‘riders’ 


‘Using a common balance, 

(i) Lift the front door of the glass case of the balance, and sce 
if it remains fixed in position. (Some balance may have two side 
‘doors only.) 


SEAM WHEN 
iN LOWERED 
POSITION 


Fig, 2.8 (Common balance) 


(üi) See if the plumb-lj 
If ‘t does not, the balance 


beam will not 
Screws should then be 


adjusted to bring t 


rests on its 
e lifted from 

- If all adjust t 
> the pointer of the ba este 


lance will oscillate 
ero of the scale, If it does not, moye the 
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(iv), Turn K so that the balance beam rests on its support. Place 
the body to be weighed on the left scale pan. Keep the weight box to. 
your right near the right scale pan. [Left-handed students will do. 
the opposite.) 

(v) Place the heaviest weight from the weight box on the right 
pan and turn K, lifting the beam. See which side is heavier, 
Decrease or increase the weights systematically till the pointer oscillates 
symmetrically on the scale. While adding or removing a weight, bring: 
the beam to rest on the support. Lift the weights with the tongs provided’ 
in the weight box. Don’t handle the weights with your fingers. (Don’t 
forget these precautions.) 

(vi) When the weight of the body has been balanced, record the 
value of each of the weights on the right pan and add them up before 
removing them. Then transfer the standard weights to the weight box. 
one by one, and make a tick mark on the corresponding value on your 
record, 


(vii) Close the front door, and leave everything as you found 
them. 
Precautions in use, 

(i) In weighing, each student should work individually. 

(ii) Use tongs in handling the standard weights, never your fingers. 

(iii) Don’t weigh a wet body, nor a hot body. 

(iv) To weigh a granular substance, keep them on a weighed watch: 
glass or any other suitable vessel of known weight. 

(vy) Do not change weights unless the beam is on its supprt. 


2-6, Hydrostatic balance. A /ydrostatic balance means a balance 
adapted for weighing a body both in air and in a liquid. Years ago, 
a hydrostatic balance was like a beam balance with a short pan. Below 
this pan a hook was attached. But now balances of such Special 
construction are unnecessary. The common balance, described earlier, 
has an extra hook below the point where the scale pan is suspended 
from the beam (Fig. 2.9). The body to be weighed in, say, water, is 
suspended by means of a fine thread from this hook. A wooden bridge 
can be placed across the pan below (see figure) without touching the 
pan. A beaker containing water can be placed on the bridge. 

The hanging body is first weighed in air. Then the bridge and the 
beaker are placed below the body, with the body hanging inside the 
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; i d 
beaker without touching its sides-or bottom. Water is then ee 
into the beaker so as to keep the body immersed eyen when the balan 


beam is raised. It is then weighed again, fully immersed in water 
(or any liquid). 


Wag- wt 


Wani 
Fig. 2.9 (Steps in determining Specific gravity) 
Mentioning a hydrostatic balance for the determination of specific 
gravity means the application of Archimedes? Principle and the use .of 
a common balance, ` 


2-7. Experiment No, 2, 


To determine the yolu 
than and insoluble in wat 


Theory: Archimed States that a body fully immersed 


in water at rest loses a part of its weight equal to the Weight of the 
displaced water, The displaced water has the same volume as the 
volume of the body, 


me of a given solid of 


irregular shape, 
er by Hydrostatic bala: 


heavier 
nee, 


es’ principle 


imme ed), the 
erved weights is equal to the Weight of the 
water displaced by the body. 
If the Weight of the body in air=W, &-wt., and its ap 
when fully immersed in water= 


Parent weight 


w Swt., then (W, 
is the Weight of 


displaced—(w, _ w) cm3. But this is 
also the volume of the solid, 
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Volume of the solid V=(Wa—W,,) cm3. 


Apparatus: The experimental solid, balance with weight box, 
wooden bridge, beaker, water, thin thread (preferally water-proof.). 


[Directions for the experiment : 

(1) Check if the balance is in order. If it is not, report it to your 
teacher. (Later, when you get more experience, you may be allowed to 
set it right yourself.) È 

(2) Place the bridge across the left pan and see if the balance 
can oscillate freely without touching the bridge. 

(3) Place the beaker on the bridge below the hook above, 

(4) Suspend the body under investigation from the hook so that 
it is about 2-3 cm above the bottom of the beaker and is in the middle 
of it. The body must not touch the beaker. 

(5) Weigh the body in air, and record the weight (Wa g-wt). 

(6) Pour enough water into the beaker so that the body remains 
fully immersed even when the beam is lifted for weighing. 

(7) Note if there are any air bubbles sticking to the body. If 
there are bubbles they must be removed with a thin wire. (Bubbles 
increase the yolume of the displaced water.) 

(8) Weigh the body fully immersed in water and record the weight 
(Ww g-wt.) 

(9) Leave things as you found them.) 


Observations: Room temperature = ...°C 
| pi 
No. | Weight cf the body Weight of the body Volume of | Mean 
of in air. in water the body |Volume 
obs. =(W,— in 
(Wa) (Wa) Wa) cm}, | cm3, 
1. C.H.. +.. +. .)g-wt C.H.. +.. +. .)g-wt 
H-H.. H.. +.. )mg-wt +(..-+..+..-+..)mg-wt. 
=..g-wt =..g-wt. 


Result. The required volume of the given body=...cm3, 


Method followed : 
(1) The balance was checked and found to be in order. 
(2) The bridge was placed across the left pan and the beaker on 
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it. The body was suspended from the hook above the pan so as to 
be in the centre of the beaker. 


(3) The body was weighed in air. 


(4) Water was poured into the beaker. The body was weighed 
while fully immersed in water. 


Precautions : 


(1) The scale pan never touched the bridge during weighing. 
(2) The body never touched the beaker during weighing. 
(3) ‘No air bubbles stuck to the body. 


Oral Questions and answers. 

(1) Q. ‘State Archimedes’ principle, 

Ans. A body wholly or partly immersed in a fluid at rest appears to lose a part 
of its weight, which is equal to the weight of the displaced liquid. 

(2) Q. How have you applied it to find the volume of a body? 

Ans. Sce theory of this expt. 

(3) Q. What is the harm if air bubbles stick t 

Ans. Bubbles increase the volume of t 
there by giving a increase value of V, 

(4) Q. What is the harm if the pan touches the bridge or the body touches 
the beaker? 


Ans. We do not get tie correct value of wa 


0 the body? 


he displaced water and values of (wa—Wy), 


and wy. 


2-8.1. Experiment 3 


To determine the specific gravit; 


y of an insoluble solid, heavier than 
water, with a hydrostatic balance, 


Theory. Specific gravity of a subst: 
the mass (or weight) of a subst 
volume of water at its maxi 
definition, 


ance is defined as the ratio of 
ance to the mass (or weight) of an equal 
mum density i.e. at 4°C, According to 


Specific gravity= Weight of a given volume of the subst: 


ance 
Weight of an ¢ qual volume of water at 4°C 
If weight of a body in air= Jy, 


I t 9 a g-wt, and 
; its Weight In water —Ww g-wt, then (W,— Ww) g-wt 
is Weight of the displaced water, that is, of an equal volume of 
water i i 4 

. Favity s’ of the mate ial = 
room temperature is given by ee pha 

sia Wa 

` Wa—Wu 

Hence true s 


P.8r. S=S' xS i 
temperature, t Where Sy is the SP-8r. of water at room 
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Apparatus. The experimental solid (a piece of glass, marble or 
metal), balance (with weight box), wooden bridge, beaker, water, thin 
thread (preferably waterproof). 

[Directions for the experiment: Same as experiment 2] 


Observations. Room temperature (t) =... °C 
Sp. gr. of water at room temperature (S;)=... 


No. | Weight of the body in air | Weight of the body Sp. gr. Mean 

of in water Wa 

obs. Wa S'— s 
We Wa— Wu 


Ga a ert 
1. +(...+...-+...+...)mg-wt. 


=...g-wt. 


Calculations. The specific gravity at room temeprature is 
O r= Wa__ -gwt O.a; 
Wan Wu gwt | ws 


Result. The required true specific gravity=S’ x Se=... 


Method followed : Same as experiment 2. 


Precautions: Same as experiment 2. 


Remarks on temperature correction of specific gravity. 

According to the definition of specific gravity, the water 
should be at 4°C, the temperature at which water has maximum density. 
But the water used is at room temperature. This temperature varies 
from about 20°C to 40°C throughout the year. At 40°C the specific 
gravity of water (relative to that at 4°C) is 0:992. It differs from 
unity by about 8 parts in 1000 (that is, by about 1%). At lower tem- 
peratures, the difference is less. At 20°C, the specific gravity of water 
is 0-998. This differs from unity by 2 parts in 1000 (0-2 yan 

Unless, therefore, both the numerator (Wa) and the denominator 
(Wa—We) in the expression for specific gravity contain at least four 
significant digits each, it is unnecessary to make any temperature correc- 
tion. With three significant digits in the denominator, the third digit 
in the result is uncertain. It will remain so even if correction is made 
for the temperature of the water used. 


3 
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To apply the temperature Correction multiply the result (s‘) obtained 
by the specific gravity (s:) of the water used. For apparent 
/ weight of a volume V of the meterial 
SPELES ja 5 V of water at PC 
weight of a volume V of the material 
F = V of water at 276 
y Weight of a volume V of water at 4°C 


» » » at 1°C 


1 
=true sp.gr. (s)x EF 
Or true specific gravity s=app. SP. gr. s’ X 55 


Sp gr of water at different temperatures Gi 


©) 
Temp. 0 2 4 6 8 
20 0.9982 0.9978 0.9973 0.9968 0.9963 
aa ee = 
30 0.9957 0.9951 0.9944 0.9937 0.9930 


Oral Questions and answers: 
Q. 1. What is 


the difference between density and specific gravity? What are 
their units? In what system of unit are the numerical values of the two quantities 
the Same? % 


Mass/unit of volume ( 


g/cm? in egs units). The numerical values of the two are 
equal in cgs unit, 


t is the density of the body in cgs units. ? 
then density is 5 g/cem3, 


2.8.2. Experiment 4 


To determi 
heavier, with 
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of the solid relative to the liquid as standard is given by 
hee es 
Wa—W, 

If the specific gravity of the liquid relative to water is s’, then the 
specific gravity s, of the solid relative to water as standard at room 
temperature (t°c) is given by ' 

spor 
True Sp. gr.=S, X S; where Sz is the Sp. gr. of water at t°c. 

Apparatus. Experimental solid (a lump of alum, rock-salt or 
sugar-candy); kerosene (it does not dissolve the solid); common balance 
with weight box; wooden bridge; beaker; thin thread. 


[Directions for the experiment. 
All directions same as Experiment 2, except that ‘kerosene’ is to 
be read for ‘water’.] 


Observations. 

Room temperature (t°C) = .... °C 
Sp. gr. of water at t°C. 
Given Sp. gr. of Kerosene relative to water. (s')=... 


No. of | wt. of the solid | wt. of the solid | sp. gr. of solid | Mean sp. gr. 
obs. in air Wa g-wt. | in kerosene W; | relative to relative to 
g-wt. kerosene kerosene (S;) 


N 


Calculations. Sp. gr. of the solid relative to kerosene (s;) 


=i Wa = 
= WaW, | 
Result. .. Sp. gr. of solid relative to water (=s1 Xs‘) at t°c 
True Sp. gr. (=S1X Se) =... X... =... 


Method followed. 

[(1) to (4)—as in the experiment 2, except that you write ‘kerosene? 
for ‘water’.] 

(5) The product of the sp. gr. (si) of the solid relative to kerosene 
and the sp. gr. s' of kerosene relative to water gives the apparent value 
(sı). Hence true Sp. gr. was calculated. 
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Precautions. 
[As in Experiment 2] 


Temperature correction; 
[As in Experiment 3] 


Oral questions and Answers: 

Q. 1. What is the volume of the body? 

Ans. Volume of (Wa—W)) grams of Kerosene 
=(Wa—W)/S, cm.3 
Other questions same as in expts. 2 & 3. 


2.8.3. Experiment 5 


To determine the s 


Pecific gravity of a soild 
and which floats in wa 


» insoluble in water 
ter, with a hydrostatic bal 


lance, 
Theory. Let the 


Weight of the solid in air= 
Weight with the Solid in 

air and sinker in water= W, 

Weight of the solid-+sinker, 

both in water= W; g-wt. 

Then, by Archimedes’ 

displaced by the solid is (W: 

of water is equal to the volu 


Wi g-wt; 
g-wt. 
principle, 


=W) g-wt. 
me of the solid. 


the weight of the water 
The volume of this amount 


Aa KU 
The apparent Sp. gr. (s')— m- 
True Sp. gt. =S" X S; where St 
temperature, E 


(Note: A s 
lighter body it 


Apparatus, 


in the Sp. gr. of water at room 


inker is a bod 


y heavier than water, 
makes the | 


atter sink in water). 
Experimental Solid 


When tied to the 


; beaker; 
[Directions for the 


(1) Suspend th i SALT 
(Fig. 2.104), HG, ftom the hook and Weigh it in air, 


Wag, 


experiment, 
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(2) Tie the sinker to the solid and weigh with the solid in air and 
the sinker in water. (Fig. 2.10b) 


igu? (a) 


Fig. 2.10 (Steps in determining specific gravity) 


(3) Weigh the body and the sinker both in water. (Fig. 2.10c)] 
Observations. 

Room temperature (/°c) =... 

Sp. gr. of water at t°c (Sy) =... 


No. of Wt. of the 
obs. Solid in air 
wig-wt. 


Wt. of the | Wt. of the | Apparent Mean 
Solid in air | Solid and sin- | sp. gr. S’ S 
+Sinker in | ker, both in 


water w2g-wt. | water w3g-wt 


FR lA A i 


Calculations and Result. 


The apparent sp. gr. of the solid (s’) = ——L_=...... 


The true Sp. gr. S=S’X S; =... 


Method followed. 

(1) to (3)—as in Experiment 2. 

(4) The sinker was tied to the solid so that a distance of 2-3 cm 
was left between them. 

(5) Water was poured into the beaker so as fully to cover the sinker, 
leaving the solid in air. W was taken in this condition. 

(6) More water was poured into the beaker so as to cover the body 
also. W; was taken in this condition. 
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ecautions. J 
= (1) The pan did not touch the bridge. 
(2) The solid or the sinker did not touch the beaker, . 
(3) There were no air bubbles sticking to the body or the sinker. 


[Note. Cork or light wood contains air cavities. 


If air were pressed out.of the 
cavities, the sp. gr. will increase.] 


Oral Questions and answers: Q. 1. Explain how (W2— W3) represents the weight 
of water displaced by the solid. Q. 2. What idea of the solid do you get when you 
learn that its Sp. gr. is less than or greater than unity? 


Answers. 1. W2=Weight of the body in air+weight of sinker in water. W3= 
Weight of the body in water+-weight of sinker in water. By subtraction, (W2— W3) 


in water=weight of displaced water. 2, Sp. 
gr. less than unity means that the body is lighter than Water and will float in water. 


Sp. gr. greater than unity means that the body is heavier than Water and will sink. 
Other questions same as expts. 2 & 3. 


Specific gravities of some common substances 


Substance Sp. gr. Substance — Sp.gr. 
Aluminium 2°70 Sodium Chlorid x 
Alum (Potassium) 1:76 Sand a Ay 
Brass 8:4-8:7 Steel 77-79 
Copper 8:93 Sugar 1:59 
Cork, 0:22-0:26 Ethyl alcohol 0:792 
Glass (Crown) 2-5-2-7 Glycerine 1:26 

» (Flint) 2:9-4:5 erosene 0:80 
Iron (Cast) 7:0-7:7 Methylated spirit 0:83 
Marble 2:5-2:8 live oil 0:91-0-93 
Paraffin 0:87-0:93 Paraffin oil 0:8 
Porcelain 2:2-2:4 urpentine 0:87 

2.9. Determination of specific gravity of Solids and liquids using 
a specific gravity bottle, A Specific gravity bottle (Fig. 2.11a) is a 
flat-bottomed bulb-like glass bottle 


with a long, tapering neck, 
STOPPER A well-ground solid 


glass stopper with a 
BULB narrow bore fits the 
eiui neck. If the bulb is 
filed with a liquid 
and the stopper 
dropped in place, 
AA (ay Some liquid comes 
e 2.11 (Steps in determining Ya (tks m i 
Pecific gravity with a bottle) E pote: con 
Of the liquid. The in t 


ains a fixed volume 


ternal volume of the bottle is often 20, 25 or 50 cm3. 
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In a standard bottle the volume and th> temperature at which 
the volume is exact, are marked on the bottle. But a beginner may 
not get a standard bottle for use because it is costly. 

Since volume changes with temperature a specific gravity bottle 
(also called a ‘pyknometer’) should always be held by the neck and 
never by the bulb. 

The bottle is particularly suitable for measuring the specific gravity 
of liquids and of granular solids. We shall describe three experiments, 
namely, 

(i) Determination of sp. gr. of a liquid; 

(ii) Determination of sp. gr. of a granular solid insoluble in water; 

(iii) Determination of sp. gr. of a granular solid soluble in water. 


2.9.1. Experiment 6 


To determine the specific gravity of a liquid using a specific gravity 
bottle. 
Theory. By definition, 
Specific gravity of a liquid 
Weight of a given volume of the liquid 
Weight of an equal volume of water at 4°C 
Let, the weight of the dry, empty bottle with stopper = W} g-wt. 
the weight of the bottle filled with liquid= W, g-wt. 
the weight of the bottle filled with water= W3 g-wt 
weight of the liquid=(W,—W,) g-wt=W, 
and weight of the same volume of water=(W3— W) g-wt= Ww 
Mm Wo WA 
Ww a= Wi 
True Sp. gr. =S X S, where S; is the Sp. gr. of water at room 
temperature. 


Hence Sp. gr. of liquid at room temprature (t°c)=s'= 


Apparatus. Sp. gr. bottle; common balance; weight box; experi- 
mental liquid (say methylated spirit, or a water solution); water; blott- 
ing paper or old, soft cloth. 


[Directions for the experiment. 

(1) Check if the bottle is clean and dry. (If necessary, it has to 
be cleaned and dried. For drying, a sand bath or hot air is used. 
If the bottle is not clean, better ask your teacher how you should 
clean it. The material that has soiled the bottle may or may not be 
soluble in water.) 
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(2) Check if the balance is in order. 
dry bottle along with the stopper. p: AS: 
(3) Fill the bottle with the experimental liquid, holding it by the 


neck. Insert the stopper (Fig. 2.11b) and wipe off the overflowing 
liquid with the blotting paper or cloth. 


(4) Check if there are any air bubbles ii 1 
below the stopper. These have to be driven out. Those on the inner 


walls of the bottle may be driven out by shaking the bottle. To remove 
a bubble below the Stopper, 


Then weigh the clean and 


n the liquid, particularly 


the stopper into this extra liquid and then 
(Collection of a bubble below the 
ty at the lower end of the stopper. 


etely with water, drive 
gh. 
d them]. 
Observations 

Room temperature CoS 

Sp. gr. of water at OER 


No. | Wt. of the Wt. of the We. of the | Wt. of the Wt. of the Sp.gr. Mean 
of bottle bottle bottle liquid Same (S’) of S 
obs, with filled with filled with 2=W2 | volume the 
Stopper liquid - water =W; of water liquid 
1 g-wt. W2 g-wt. W3 g-wt. 8-wt. w= 
| W-W; 
g-wt. 
1. 
2. 
j i AE 
Calculations and Result, 
Tas a ten 
eon i the liquid(— py, W)=... + =s-wt (W) 
ight of some volume of Water Ua snes Wao) 
Sp. gr. s of the liquid at an 


room temperature ( L Wi 
w 


SX, 
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Method followed. 
(1) The bottle was cleaned and dried. 
(2) The empty bottle (with the stopper) was weighed after checking 


the balance. 

(3) The bottle was filled with the experimental liquid, made free 
of bubbles, stoppered, wiped dry and weighed. 

(4) The liquid was thrown out and the bottle washed several times 
with water. It was then filled with water, made free of bubbles, stopper- 
ed, wiped dry and weighed. 

(5) Temperature of the water used was noted, and the specific 
gravity of the water at this temperature was ascertained from the 


teacher. 


Precautions, 
(1) No bubbles were allowed to stay in the bottle. 
(2) The bottle was always held by the neck. 


‘Oral Questions. (1) How have you cleaned and dried the bottle? 

(2) In handling the bottle how should it be held and why? 

(3) What is the advantage of having a narrow bore in the stopper? 

44) Why should the stopper be just dropped into place, and not pressed hard? 

45) What is the volume of the liquid in the bottle? 

(6) From the weights you have measured do you think that a temperature correc- 
tion will have an effect on the value of sp. gr. you calculated? 

(7) Why should there be no air bubbles in the liquid or water? How did you 
drive them out? 

Answers. (1) Say what you did actually. (Unless you know what made the 
bottle dirty, you cannot clean it properly. So you have to ask the teacher. Very 
often light acid and water are used. For cleaning the outside, soap water may be 
used as grease from the hands might have soiled it. For drying, hot air or sand bath 
is used.) (2) The bottle should be handled by holding the neck between two 
fingers, The bottle is to have a fixed volume. Any little change of temperature 
in the neck has little effect on the yolume. But an equal change in the temperature 
of the bulb has a much larger effect on the volume. (3) For a small change 
of volume the liquid will come out or the liquid level in the bore will fall. 
The narrow bore makes it easier to detect any change of temperature. (4) Pressure 
on the stopper may break the neck of the bottle or change its volume. Or the stopper 
may stick to the neck. (5) (W2— W1) cm3. (6) See the ‘Remarks’ in Experiment 3. 
Without four significant digits in both the numerator and the denominator for S’, 
temperture correction has no sense, as correction affects the fourth digit. (7) 
Presence of air bubbles reduces the actual weight of the liquid. This vitates the 
result. To remove the bubbles on the inner walls, remove the stopper, close the 
mouth with a finger and shake the bottle. A bubble below the stopper is remov- 
ed by filling the unstoppered bottle to overflow and then sliding the stopper into 
place, moving it laterally. (See item 4 under ‘Directions for the experiment.’) 
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2.9.2. Experiment 7 


To determine the specific gravity of a 


granular solid, insoluble in water, 
using a specific gravity bottle, 


Theory. If the weight of the granules is W, g-wt and the weight 
of an equal volume of water is Ww g-wt, then the Specific gravity s$ 
of the solid at room temperature is given by 
EWW, 
Let the weight of the empty bottle— 


Wi g-wt; 
weight of the bottle partly filled 


with the granules — 
weight of bottle--granules-- water 


filling the rest— 
and weight of bottle completely 


Wa g-wt; 


W3 g-wt; 


filled with water— W; g-wt. 


W g-t 
4) 


> 


Fig. 2.12 (Successive Steps in the experiment 


Then Weight of the granules = W,— 


Weight of water filling the botti 
weight of water above the gr: 
weight of water having the sa 
volume as the granules =( W, 


W=W, 8-wt; 
e=(W4— W) g-wt; 


anules=( W, — W, 
me 


) g-wt 
Hence 5 


=W) -m m) 
pi ‘ z BNE 
The specific gravity at room temperature = 
al W,—W, W, 
A i= A 
(W4— W)—(W3—W,) Wo 
True Sp, BES GS. W 


temperature (tc) 


Apparatus, Sp. gr. bottle: common balance; Weight box 
Solid (say, Sand); water: blotting Paper or old, 


> granular 
Soft cloth, 
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[Directions for the experiment 

(1) If necessary, clean and dry the bottle. Check the balance 
before use and weigh the dry, empty bottle. (Fig. 2.12a) 

(2) Fill about one-third of the bottle with the granular solid and 
weigh. (Fig. 2.126) 

(3) Fill the rest of the bottle with water. Shake the bottle to drive 
away the air bubbles entrapped by the granules. Fill the bottle to the 
brim with water and put in the stopper. Check again for water bubbles, 
wipe off the overflowing water and weigh. (Fig. 2.12c) 

(4) Pour out the contents of the bottle and wash the inside several 
times with water till no granules are left. Then fill the bottle with water, 
check it for bubbles, stopper it, wip2 off the excess water and weigh 
(Fig. 2.12d)] 


Observations 
Room temperature (t) =...°C 
Sp. gr. of water at room tempeature =S,=... 


No. of | Wt. of the | Wt. of the | Wt. of the | Wt. of the | Sp.gr. | Mean 
obs. dry, empty | bottle partly | bottle-- bottle filled 
bottle with | filled with | +granules | with water Ss’ Ss’ 
stopper | granules ++ water Wa g-wt. 
Wi g-wt. W2 g-wt. | above the 
granules 
W3 g-wt. 


N 


Calculations and Result. 

Weight of the granules=W,—W,=...g-wt (W) 

Weight of water filling the bottle=(W4— W1) g-wt=...g-wt 

Weight of water above the granules=(W3—W2)g-wt=...g-wt 

Hence, weight of water having the same volume as that of the 
granules=(W4—W,)—(W3— W)=...g-wt(Ww) 


f P AW 
The specific gravity at room temperature s Aa 


w 
Wo—W, 
(Ws— W1)—(W3— Wa) 
True Sp. gr.=S'X S=... 


44 FUNDAMENTAL PRACTICAL PHYSICS 


Method followed. 

(1) The clean, dry 
the balance. 

(2) About one-third of t 
and the bottle was Weighed 

(3) The rest of the b 
So’as to drive away entrap 
dry with cloth and weighed 

(4) The bottle was emp 


and empty bottle was weighed after checking 


he bottle was filled wi 

with the granules. 
ottle was filled wi 
ped air bubbles, 
again. 


tied and washed several times with water 
until no granules were left inside, It was then filled completely with 
water, stoppered, wiped dry and weighed, 
Precautions. No air bubbles 


ld by the neck 


th the granular solid, 


th water and shaken 
It was stoppered, wiped 


Answers, 
(Wo Cm’), 
air pockets, Unle: 
there is some ai 
the value of s, 


last experiment. (5) See under ‘Calculations’ 
s BW0. s glem3, (6 


) The granules form many 
ved W3 will be smaller than the true value because 
t instead of water in the bottle. This 


will increase W, and reduce 
er to Q. 6 of the last experiment. 


granular solid, soluble in 


relative to water (s’), aone g 

Let, the Weight of the dr 

+ granules — Wy, 

© granules- liquid — W;, 
liquid — Wa 

With water— Ws. 
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Then weight of the granules=W,—W,=W (Say), 

weight of the liquid filling bottle=W4—W,, 
and weight of the water filling bottle=W;—W. 
Hence weight of the liquid having the same volume of the 
granules =(Ws—W,)—(W3—W>)=W, (say) 


Ea, WoW, 
Om (Wa WW) 
1 WAZIWA 
and S$’ = W- m 


If s; the sp.gr. of the solid relative to a liquid in which it does not 
dissolve, and s’ the sp.gr. of the liquid relative to water, the product 
sıX s’ gives the sp. gr. of the solid at room temperture. 

W.-W, y W— Wi 
(Ws—W1)—(W3— Wa) ` W:s- W, 

True Sp. gr. = S=S1X S; where S; is the Sp. gr. of water at 
room temperture. 


Sy = 5,0 


Apparatus. Sp. gr. bottle; common balance; weight box; experi- 
mental granules (common salt, sugar etc.); a liquid in which the granules 
do not dissolve (some oil which does not contain any water; turpentine 
oil may be used with common salt); blotting paper or cloth. 


[Directions for the experiment. 


(1) to (4)—as in the last experiment (Experiment 7), but read ‘the 
other liquid’ for ‘water’. (5) Fill the bottle with water and weigh.] 


Observations. 
Room temperature (t°C) =... 
Sp. gr. of water at t°C (S)=... 


No. | Wt. of the | Wt. of the | Wt. of the | Wt. of the Wt. of the 


of | dry empty} bottle bottle bottle bottle SP: er. |, Mean 
obs. bottle +F +- filled with | filled with 
with granules | granules liquid water Si S 
stopper W2 g-wt | -Higuid | W4 g-wt Ws g-wt ; 
Wi g-wt. Ws g-wt. 
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Calculations. 


W— W, x Wam 
Si = OW WWA Ww, 


Result. 
Hence the true sp. gr. =51 X S=... X 


Method followed. 

(1) to (4)—as in the last ex 
given liquid. for ‘water’, (5) Th 
weight taken. 


periment, exce 


pt that you write ‘the 
e bottle 


was filled with water and the 


Precautions. 
As in the last experiment. 


Oral questions. 


(1) to (7)—as in the I 
statement ‘specific gı 


ast experiment. 


relative to water using th 
Ans. (1) to (7)— 
(8) The ratio of 


of an equal volum 
(Section 2-9.1), 


SP. gr. of the liquid 
e Sp. gr. bottle? 

See the corresp 
the weight of 
of the liquid. 


onding answers in the 1; 
a given volume of th 
(9) See ‘Theory’, 


ast experiment, 
C substance to the weight 
(10) This is experiment 6 


2-9.4. Hare’s apparatus, 


Hare’s apparatus 
inverted U-tube made 
middle of the U 


is nothing but a 
of glass. At the 
-tube, there is a glass tube 
and another glass tube S 
a rubber tube. With a 
ubber tube may be opened. 
In some instrument a metre 
behind the U-tube. 

The two arms of the U 
The ends of the tube are dipped into two 
liquids. By openin 

Sucking the air 4 
liquids rise 
Pich- 


or closed, 
Scale is fixed 


-tube are long. 


d remain in 
The height of 
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liquid rise to a greater heights. By this instrument we can Compare 
the densities of the two liquids. 


2-9.5. Experiment 9. 


To determine the specific gravity of a given liquid by Hare’s 
apparatus. 


Theory: In a Hare’s tube, if fy and A be the heights of the liquid 
columns of specific gravities Sı and S> respectively, the pressure of the 
liquid columns are equal on the two liquids i.e. 

hySyg = oSog 
or, ASi = MS 


h 
Sp = Siz 


If one of the liquids, say S}, be water, then S;=1, hence, S3 fa 


h` 
Sa is the sp.gr. of the liquid at room temperature. The true Sp. gr. of 
the given liquid S=S> x S+, where Sz is the Sp. gr. of the water at room 
temperature. 


Apparatus: Hare’s apparatus, two beakers, Metre Scale, experi- 
mental liquid, water. 


[Directions for the experiment: (1) Place the two beakers below the 
open end of the U-tube such that the open mouth of the tubes are about 
2 cm. above the bottom of the beakers. 

(2) Try to keep the whole apparatus vertical as far as possible. 

(3) Pour water in one beaker and experimental liquid on the other 
such that the liquids occupy 3/4th or more of the beakers. 

(4) Open the pinch-cock by pressing and suck the air by the tube S, 
so that the water or the liquid may rise nearly upto the head of 
the U-tube. Slowly allow the air to enter the tube by opening the 
pinch-cock. The liquids will come down in both the tubes. 

(5) Repeat the process three or four times and you will see that 
the liquids now move freely up and down but not in jerks. 


(6) Now suck again to lift the liquids as far as possible. Take 


«care that the liquids do not reach the bend portion of the tube. Close 


the rubber tube by the pinch-cock. If the rubber tube in not properly 


closed, the liquids will come down. 
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(T) Observe the liquid column for a munite. j 
the scale readings at the top of the liquid column i 
face of liquid level in the beaker for each liquids, 
scale by the side of each tube. 


n the tube and sur- 
by placing a metre 


(9) Plot hy along x- 
It will be a straight line, 
the values of fy, and ho. 


axis and hy along y- 
Choose a Suitable p 
Calculate the Sp. gr 


axis and draw a graph. 
oint on the line and find 
- of the liquid.] 
Observations: 

Room temperature (t°c)=... 

Sp. gr. of water at °c (S$) =... 


No. [Reading of water Height of Reading of liquid Height Sp. gr. | Mean 
of level at the water level at of the | of the Sp. gr- 
obs. — column liquid liquid 2 
the top | the sur- hı=H;-h;’ | the top | the sur- column s=” 
of the | face of cm. Of the | face of h2—H, ahs 
column} the column] the -h2’, 
Hicm | beaker Hocm beaker cm, 
hi’cem. ho’cm, 
1 
WA 
etc. 
Result: Hence the true Sp. gr. of the liquid=s,x5,,— 


Method followed: (1) The two ends of the U- 
water and the liquid. The apparatus kept vertic 


(2) The air was sucked. The Water and the liquid raised in the 
Tespective tube, upto the near of the bend, 


tube were dipped into 
al. 


(4) By allowing the liqui to come down to about 2 cm, 
the heights Were again noted, 


AN 


Tf it is steady, note 
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(5) The process were repeated and each time the readings were 
noted. 

(6) Sp. gr. of the liquid was calculated from the heights. By 
drawing a graph, Sp. gr. of the liquid also calculated. 


Precautions: 
(1) Apparatus should be vertical. ; 
(2) Care should be taken so that liquids do not mix in the tube. 
(3) The reading at the bottom of the concave surface should be 
noted. a 
(4) In taking readings metre scale should be kept vertical. 


Oral Questions and answer 

Q. 1. Will the result alter if the lengths were measured in inches? 

Ans. No. The Sp. gr. is independent of the unit of length. 

Q. 2. What is the harm if the tubes be not of identical cross-section? 

Ans. If the cross-sections are large, then it will not affect the result. But if 
the cross-sections are small then due to capillary action the liquids will rise to a 
greater heights. 

Q. 3. What will be the shape of the liquid meniscus within the tubes? 

Ans. The meniscus will be concaye for those liquids which wet glass but convex 
which do not wet glass. 


2-10. Simple pendulum. 

Introductory. A rigid body which can oscillate about a horizontal 
axis under the action of gravity is called a compound pendulum. 
Application of mathematics to it is a bit complicated for the beginner. 
For convenience of applying mathematics to a body oscillating under 
the action of gravity an imaginary pendulum, called a simple or ideal 
pendulum, was conceived. It was defined as “a heavy particle suspended 
by means of a weightless, inextensible and perfectly flexible string.” 

It is easy to understand that no simple pendulum can be construct- 
ed, for a string with the above qualities and a heavy particle are both 
objects of imagination. A crude model of the ideal pendulum is con- 
structed by suspending a heavy sphere by means of a thin, light, 
flexible string. The sphere acts as if its mass were at its centre. 

Application of simple mathematics to the ideal (or simple) pendulum 
gives its periodic time as, 

T: =2rvV]]g. 
lis the length of the pendulum, and is taken as the distance from the 
point of suspension to the centre of the sphere (the “bob” of the pendu- 
lum). g is the value of the local acceleration due to gravity. 


4 
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2-10.1. Experiment 10 


To determine the acceleration 


due to gravity using a simple 
pendulum, 


Theory. Let the length of a simple pendulum be /, and g the local 


value of the acceleration due to gravity. To execute a complete oscilla- 
tion, such a pendulum will take time 


T=20V ig 


KA Taha and g = tah 
If a graph is drawn with 7 along the x- 
the graph will be a Straight line passi 
Point 0,0). A point Suitably chosen on t 
of 1/T2 (=x]y of the point). This value 
Alternatively, the mean value of J/T2 ma 
observations and Substituted in the form 


Apparatus. A metal Sphere (weighing about 100-150 grams) with 
a suitable arrangement for attaching a String; a piece of light, soft but 


Strong thread over a metre long; clamp on a tall stand; two Small, plane 
pieces of metal or wood; > one or more heavy 


axis and 72 along the y-axis, 
ng through the origin (the 
his graph will give the value 
can be used to calculate g. 


y be taken from a series of 
ula. 


; metre scale; Stop clock 
weights, 


, 
: 
-> 


THREAD 


HEAVY WEEE Tv 
ELI SITTIN 
Shekel 


Y 


e S IAA 


PENDULUN 
AE Let 5 Bow 
fo) 
(a) (4) 
Fig. 2.13, (Pr 


‘Operly arranging a sim 
experiment, (1 


[Directions for the ) First find the diameter of the 
S [See expt \(a)], 


ple pendulum, ) 
bob by a Slide Calliper: 
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(2) Tie one end of the tread to the bob. Hold the thread 
near its other end between the plane plates. Clamp the plates 
(Fig. 2.13a) and fix the clamp to the stand. Arrange the stand 
as in Fig. 2.13(6). 


(3) Measure the distance between the point of suspension and 
the top of the bob with a metre scale. This is/’ (say). Add radius 
of the bob. This is /. 


You can measure the distance between the point of suspension and the centre of 
the bob with a metre Scale. When measured in this simple way there may be an 
error of 1-2 mm in the measured value of length. But if we use a long pendulum 
(of length around 100 cm.), the error in the result due to this uncertainty will be 
about 1 part in 1000. This small error can be tolerated because there are bigger 
sources of error in the experiment. The error in the length can be reduced by more 
elaborate means; but we do not consider them worth while. Using slide callipers to 
measure the diameter of the bob and adding its radius to the length of the string does 
not improve matters. Whatever the method used for measuring the length, the 
inability to bring the graduation marks close enough to the end points will always 
leave an uncertainty in the length. Moreover, variation of pull on the string will 
cause an unknown change in its length. 


(4) Allow the pendulum to oscillate with an amplitude equal to 
about 1/12 of the length. Be careful that the bob does not execute 
vibratory motions while oscillating. 

In deducing the equation T=27 vV J/g it was assumed that the amplitude is infinite- 
ly small. For angular amplitudes of about 5° the error produced is within limits 
of tolerance. A 5° angular amplitude corresponds to a linear amplitude of about 
1/12 of the length. Larger amplitudes increase T above the value given by theory. 

(5) Note the time for 25 oscillations. In Fig. 2.13a, a complete 
oscillation means the journey 0>B—>O—>A—O. Be careful you 
do not make any mistake in counting. Take the reading at least twice. 
This will serve as a check on counting, and will also detect any gross 
error. 

(6) Take similar readings for 


the times of oscillation for at © P 
least five different values of l (say, Š ' 
about 120 cm, 110cm, 100 cm, 4 è 
90 cm, 80 cm.) | 
(7) Draw a graph plotting/ 9 Rew 
along the x-axis and T? along the wasii £------ > 
y-axis (Fig. 2.14). It should be a Fig. 2.14 (l-T2 graph) 


straight line and pass through the origin (x=0, y=0). Draw the 
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Take 7=3.14 and 72=9 86] 


‘Observations 


(i) To find the radi 
Value of one small 


ius of the bob by 


it should lic at 
the point. This 


Substitute this value 


a corner of a small 


is the value of 


in the formula for g- 


a Slide-callipers: 


est scale division (S)=... cm 
+”) vernier divisions =...(n 1) main Scale divisions. 
-. Vernier constant v=} x5 cm. 
m 
No. of Main Scale Value of Diameter | Mean Mean 
obs. | reading in ernier in cm diameter | radius 
cm. (M) reading in cm, d=M+ | in cm. r in cm. 
Xv.c VXvic ee 
1. (a) m] 
(b) 
2. (a) 
(b) 
3. (a) 
(b) 
ba i sreang AAA- 
(i) To find the time period of the pendulum 
“Se TA hkl 
AA : 

c gels | g To me (h | T [7 aaa Tr 
Bosi = = s= Tz 
oss E 8 ya 8 IN seconds S2 cm)/s2 1/T2 
Socls | = 8 i 2, 
SESS] E [et ba a 
£So|E S 3. let 
aisn sg |E £ Te 
Segs S5 BES 
2278S] sa ls 
Assisi] Eg |g 8 

1, (i) | — 
Gi) 
2. (i) | 
i (ii) 
etc, ete. 
ira Eoee I | a ae ee 
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Calculations 

(i) From Graph: The /-T? graph is drawn. It passes through 
the origin. From th: point P on it, it is found that for /=...cm, T?=... 
s2. Therefore 


cm 
.s2 


l za 
=472— = ha 
gu aa 


=...cm/s2 


Gi) Calculated value of Sima 4x986x =S —...cm|s? 


[If you do not draw the graph, take the mean value of //T? and 
use this value inthe formula. Even if you draw the graph, use also the 
mean value of //T2 to calculate g. If the graph is not properly drawn, 
the mean value of //T2 may give you a better value of g.] 


Method followed. 

(1) The radius of the bob was calculated by a slide-callipers. 

(2) A tall stand was placed near an edge of the working table. 
A heavy weight was placzd on its base so that it would not topple. 
The pendulum (of length about 120 cm) was held in the clamp between 
two plane pieces of wood and made to hang outside the table. The 
distance between th: point of suspension and the top of the bob was 
measured, 

(2) With the pzndulum at rest, a mark was made on the 
side of the table against the pendulum thread. This helped in 
noting complete oscillations. Tim2 was measured from the moment 
the thread crossed this mark. 

(3) The pendulum bob was pulled to one side by about 1/12th the 
length of the pendulum and allowed to oscillate. Care was taken to 
see that the bob did not vibrate about its point of attachment to the 
String, 

(4) Time for 25 oscillations was mzasured twice with the help 
of a stop clock. 

(5) The length of the pendulum was reduced by about 10 cm., 
the length measured and th: tim for 25 oscillations noted as before. 

(6) This was done for altogəther five different values of the length. 

(7) The /-T2 graph was drawn. 


Precautions. 
(1) Wind should not bz allowed to disturb the-oscillations. 
(2) The bob must not vibrate while oscillating. 
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(3) The linea: 
of the Pendulum. 


er in small type under item (4) of ‘Directions 
for the experiment’, 


@) A1% error in the value of T affects the Tesult by 2% because 
8 involves 72, An error of 1 % in l affects gby1 %] 


Directions for drawing the graph, 
If 7 varies between 


© get a convenient unit along this 


Paractica by the Student, 


h encourages mal- 

An experiment crudely done with crude 

apparatus can never be expected to yield a Near-correct result, If it 
does, it is an accident, e 
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Oral questions. (1) What is 2 simple pendulum? (2) What is meant by 
acceleration due to gravity? (3) How would you realize a simple pendulum in 
practice? (4) What is the length of the pendulum so constructed? Why? (5) 
Between / and T, which should be measured with greater care and why? (6) What 


graphs connecting / and T will be straight lines? (7) How can you get the required 
result from the graph? (8) To get good results, what values of / and amplitude 
would you prefer? (9) What is the harm if the pendulum is short and its amplitude 


large? 

Answers. For (1), (3) and (4), see Section 2-10. (2) The acceleration with which 
a body moves while falling towards the earth freely under the action of the earth’s 
pull. (5) In measuring T. See item (4) under ‘reasons for the precautions’. (6) 
The /-T2 and V/--T graphs, (T) See item (6) under ‘Directions for the experi- 
ment’. (8) Large values of /. Amplitudes less than one twelfth the length. See 
items (3) and (4) under ‘Directions for this experiment’. (9) Both increase the 
experimental error. 


2-11, Experiment 11. 


To verify Boyle’s law. 

Theory. Boyle’s law states that for a fixed mass of gas at constant 
temperature, the volume is 
inversely proportional to the 
pressure, or that the product 
Px Vis constant. This can be 
verified by measuring the 
volumes at different pressures 
and noting if the product 
remains constant so long as the 
temperature or the mass of gas 
does not change. 


@RADUATED SCALE 


Tana hima inaharibu bidi nu 


[Graphical verification of 


the law is also possible. P vs. gyrsoseD | 
1/V graph, V vs. 1/P graph, or AIR --2-y 
log P vs. log V graph will be a Len 
straight line if the law is true.] Sr te 
Z ‘x 
Apparatus. Boyles law Z 
apparatus. Z| 5 
A |z 
Descritpion of the apparatus. g Z THICK WALLED (2) 
The essential parts of the A |= RUD EE 
apparatus are shown in Fig. A E 
2.15. T is a glass tube of A (2) 


KS» 


uniform bore closed at the top 


and contains a fixed amount of Fig. 2.15 (a) Essential parts of Boyle's 
dry air. The other end of the Jaw apparatus; b How to take readings.) 
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er end. From the gradua- 
tions of the (eudiometer) tube 


“> One can read off the volume of the 


[Directions for the experiment, 
(1) At the Start of the experiment note the barometric height 
and room temperature, 


(2) Raise or lower T or R so that the Mercury levels in TandR 
are equal. The Pressure į 


hz gives you the 
To get the actual 


you are to add hy with the atmospheric 
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(8) Draw a graph plotting p along x-axis and corresponding / 


{or v) along y-axis. 


verifies Boyle’s law. 


Observations: 


It should be a rectangular hyperabola. 


] 


This also 


(i) To record the barometric height and room temperature: 
Smallest division of the main scale=...mm. 


...Vernjer divisions 


main Scale divisions. 


one vernier division=... main Scale division. 
<. Vernier constant (v.c.)=... mm=... cm. 
Observations} Main |Value of ver-|Atmospheric | Mean Room Mean Room 
at the Scale nier reading pressure H | temperature | temperature 
reading | (vy) in cm. |(H=M-+V)|incm in °C, in °C 
incm | (V=v%v.c) in cm. [of Hg. 
(M) of Hg. 


Start of the 


experiment 


end of the 


‘experiment 


(ii) To record length (or volume) and pressure of the enclosed gas: 
When the tube is not graduated 


Readings in Read, A A T [i 
oe Ne Seat ag eee 
cury levels in lof the | Length of |Reduce or | he enclosed) vate 
Pressure | obs. | —— — top | the enclosed | excess sas of 
Clo- | Open|of the | air incm. | pressure Pon Si PXI 
sed | tube [closed | /=(T—C) |h=(C~0)| *~ + 
tube | (O) | tube 
(C) T) 
Atmos- 
pheric ib 
Below 2. 
atmos- 3; 
pheric 4. 
Above 5. 
atmos- 6. 
pheric 7 Aa 
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When the tube is graduated 


Readings in cm. 


Observa- ae. oe aie ane. yale Reduce or | Pressure of Value 
tions at fa) enclosed excess the enclosed of 
Pressure | obs. air in Pressure | air in cm, PXV 
Cbe | aie | en [COn] “ori 
=H +h 
(©) (0) 
Atmos- 1. ere ; 7 
Pheric \ 
Below ar 


atmospheric 


2. 
3 
4, 
Above 5. 
atmospheric] 6 
7. 


© product are significant. 
digits in the product P xI 


(4) This pr 


Ocess Were repa 
Were noted, 


axis and Corresponding 
tectangular hyperbola. 
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Precautions: (1) Raise or lower the mercury reservoir slowly and 
wait a few minutes before taking reading. Sudden changes of volume 
change its temperature. Time must therefore be allowed so that air 
in closed tube regains its original temperature (the temperature of the 
room). 


(2) The enclosed gas should be dry, because moist air do not 
obey Boyle’s law. 


Remarks. The P vs. 1/V (or P vs. 1/1) graph will be a straight 
line if Boyle’s law is true. The graph should pass through the origin 
(0, 0). See if your graph does so. It will be a test of the quality of 
your work. F 

The sam2 applies to the V vs 1/P graph. You may also try the 
graph log P vs. log V (or log /). This will also be a straight line, 
but will not pass through the origin. 


Oral questions (1) What is Boyle's law? (2) How will the product PV 
change if the temperature or the mass of gas is increased? (3) Why have you 
worked with the length / of the air column instead of its volume V? (4) When 
is the pressure in the air tube greater than the atmospheric pressure? When is it 
less? (5) Does P mean the pressure exerted by ihe gas, or the pressure applied to 
the gas? (6) Is there any harm if the air contains moisture? (7) Why is it 
necessary to raise or lower the vessels slowly, and wait a few minutes before taking 
the readings? (8) Is Boyle’s law applicable only to ait? 


Answers (1) See ‘Theory.’ (2) The product will increase in both cases. 
The product is proportional to the ‘Absolute temprature’ of the gas, and to its 
mass. (3) Since the cross section a of the tube is constant V==la. So V is pro- 
portional to Z. (4) When mercury level in the reservoir is at a greater height 
than that in the air tube, the pressure on the air is greater than the atmospheric 
pressure. If the level in R is lower than that in T, the air pressure is less than at- 
mospheric. According to hydrostatics, the pressure at the same horizontal level 
in two vessels connected by a liquid, is the same. (5) The pressure exerted by a 
confined volume of air is equal to the pressure exerted on it. Ordinarily, air pressure 
would mean the pressure exerted by the air. (6) Water vapour does not obey 
Boyle’s law, particulatly if it is near saturation. Moist air will be more compressed 
than dry air when the pressure is increased. (7) See under ‘Precautions’. (8) No, 
the law is applicable to all gases. 


2.12. Young’s modulus 


Introductory. If the longitudinal pull on a wire is increased, its 
length increases. Until this pull (or tension) exceeds a certain limit, 
the increase in length is proportional to the applied force. This limit 
is called the elastic limit. It depends on the nature of the material of 
of the wire and its cross section. 


‘Young’s modulus of the materia! 
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The increase in length (/’ cm) that occurs when the pull is a ne 
f W g-wt is called the longitudinal deformation. When / cm is divi p 
È the original length (7 cm) of the wire we get the increase in Teng : 
Re centimetre length of the wire. This quantity, 7’ cm// cm=!l'/I, 


is called the Jongitudinal strain. It is a pure number and does not re- 
quire any unit to express it. 


Let the cross section of the wire be S cm?, and the acceleration 
due to gravity g cm/s?. When the load W g-wt is applied, a force 
of Wg dynes acts perpendicular to the section S. So the longitudinal 
pull (or tension) per cm? of the wire is Wg dynes/S cm2. This is called 
the longitudinal stress, 

The ratio of longitudinal stress to the longitudinal strain is called 
l of the wire. 

a Longitudinal stress (Wg dyn/S cm? 
Young's modulus z= Tama a (i A cm) ) 
—Wg l dyn 
POS cme 


2.12.1. Experiment 12 


To determine Youn 


g’s modulus of a given wire and to verify Hooke’s 
Jaw. 
Theory. Leta vertical wire of len 
be weighted 


gth / cm and cross section $ cm2 
at the bottom by a load of W g-wt. 
in length by /’ cm, then its longitudinal Strain is |” cm//cm. The longi- 
tudinal stress is W g-wt|S cm2=( We/S) dyn|cm2, g being the accelera- 
tion due to gravity. Young’s 


modulus E of the Material of the wire is 
defined by the relation 
ES longitudinal stress 


If it then increases 


We /dyn fe We 1 dyn 
longitudinal strain § \ cm2 Tem S T oom 
Hooke’s law states that when a body is deformed 
Produced will be 


Apparatus, Young’s modulus apparatus; a set of equal weights 
‘Gkg or l kg each), preferably Slotted; a long light Straight rod or 
Stick; metre scale; screw gauge. 


PROPERTIES OF MATTER 61 


Descritption of apparatus. 

(There are- various designs of apparatus for measuring Young’s 
modulus. Since the elongation (increase in length) is small, it 
is measured with a fine vernier scale or a micrometer screw. The 
design differs according as a vernier or micrometer is used. Even 
for verniers, there are different designs. We describe below a relatively 
common form of vernier apparatus.) K 

Fig. 2.16 represents an apparatus for measurng Young’s modulus 
in which a fine vernier scale is used for measuring the elongation. The 
experimental wire A is suspended from the ceiling. The vernier scale 
V is attached at its lower end. Two other wires 
(in some cases, one) of the same material as 
A are suspended parallel to A from the same 
support. They carry a metal plate 'D on 
which the main scale is marked. A heavy, 
hollow cylinder S is fixed to the lower ends 
of the wires. The cylinder keeps the wires 
B, C taut. The vernier can slide along the 
main scale through vertical grooves in D. At 
the end of A there is a hook (H) which 
supports the slotted, stretching loads. 


[Directions for the experiment. 

(1) To keep the experimental wire (A) 
free of kinks, place a load of 1 or 2 kg on 
the stand for slotted weights attached to the 
wire. Treat it as a ‘dead load’ and don’t 
take it into consideration in your calculation 
of stretching loads. (Note it as ‘dead load’.) 

(2) Measure the length / cm of the experi- 
mental wire from its point of suspension to 
the point of attachment to the vernier. Do it 
with the long rod or stick and the metre scale. 

(3) Take six sets of readings of the 
diameter d of the wire at six different places 
(taking two readings in perpendicular direc- 
tions at each place). Calculate the cross 
section of the wire from the mean value of d. 

(S=4nd2=0°785d2) 


Fig. 2.16 
(Young’s modulus 
apparatus) 


62 FUNDAMENTAL PRACTICAL PHYSICS 


(4) Ascertain from your teacher-in-charge the breaking Stress and 
Iculate the breaking load (—breaking stress x area of cross section) of 
a aie (that is, the minimum load at which the wire will snap). 
aise the limiting load by dividing the breaking load by two. Don’t 
apply to A a load more than this value (for you may then exceed the 
elastic limit and cause a permanent elogation of the wire). 


Breaking stresses (kg-wt/mm2) 


Brass 35-55 | Steel (ordinary) 112 
Copper (annealed) 28-31 » (tempered) 155 
Tron (hard drawn) 54-62 » (pianoforte) 186-233 


(5) Ascertain the vernier constant. 
glass as such verniers are very fine. 
of 19 m.s. div. to 20 vern. div. or of 2 
the main scale and vernier readings 
pan, and take this reading as the rea 

(6) Increase the stretching loads by 4 or 1 kg at a time and note 
the Corresponding main scale and vernier readings. Take at least 
five such readings. 


(T) Reduce the Stretching loads b 
increasing, and read the main scale and 
you reach the dead load. (Don’t remo 


(You may require a reading 
You may have a correspondence 
4 to 25 or even 49 to 50.). Note 
with only with ‘dead load’ on the 
ding for zero load, 


y the same amount as while 
Vernier each time. Do so until 


ve the dead load.) 
(8) Take the mean value of the 


two readings you got for a parti- 
cular stretching load W while the loads were increasing and while they 
Were decreasing. The difference between this reading and that with 
only the dead load, is the elongation /’ for load W. Thus you get five 
Pairs of values of Wl’; 


(9) Plot the W, 1’ 
(clongation or extension 
line passing through 


points with W (load) along the x- 


axis and l’ 
) along the y-axis, 
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Observations and Calculations. 
Dead load =...kg-wt. 
Length / of the wire =...cm, 
Pitch of the screw gauge=...mm; number of division on 


circular scale=... 
Least count =...mm 


Zero error of the gauge=...(Nil, or...mm to be 
added/subtracted) 


Diameter of the wire (use table as in Sec. 2-3) 


Mean value of apparent diameter =...mm. 

Actual diameter =apparent diam-+zero error 
=...mm-+...mm=...mm 
=...cm(d) 

Cross section S of the wire =}1d?=0.785 d2=...cm2 

Breaking Stress =... Kg-wt/cm2 (Supplied) 

Breaking load —Breaking Stress X cross-section of the wire 

=... X frd? =...Kg-wt. 

Limiting load =Breaking load/2=... kg-wt. 


Load-elongation table 


obs. load over 


Readings when the load 


Addi- Elongation 

tional increasing decreasing Mean} (/’) of the 
i - in | wire inem. 

dead | Main Value of | Total | Main |Value of | Total | cm. 

load. | Scale i i Vernier | in 

kg-wt jincm. in cm. cm. 


ONS 


etc, 


0 

1 (aji ...(@—a) 

Hi O| ...—a) 
ule) ++(c—a) 


Result. The W-/' graph is drawn, taking /’ in cm (Fig. 2.17), 


From the point P on the graph, we get that for W=...kg-wet 
"2? 
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1'—...cm. Taking g=980 cm/s? and putting these values in the 
equation for E we get 


Ea keewt(W) mli) 
em) "em 
Wx 1000x980 dyn 7 cm 
= S cm? "Kem 
=...dyn/cm2 


—> 


EXTENSION 


[Check by using the mean 
values of W and /’ in the formulali 


Verification of Hooke’s law. 
Fig. 2.17 (W-I’ graph AA 
ja Abies As the stress (W) versus strain (l) 


ough the origin, it is concluded that 
tess. Hence Hooke’s law is verified. 


graph is a straight line passing thr 
the strain is proportional to the st 

Note. If the graph was found to curve beyond a certain value 
of W, we would conclude that up to a certain value of the stress, the 


strain is proportional to it. The point from where the line begins to 
curve marks the elastic limit. 


Method followed. 

(1) A dead load of ‚2 kg was placed on the pan attached to the 
experimental wire to keep it taut. It was not included in calculating 
the Stretching load. 


(2) The length and cross Section of the wire were determined. 
(3) The breaking load was ascertai: 


Stress. I did not apply more than half 
elastic limit, 


ned by knowing the breaking 
this load as it might exceed the 


(4) The vernier const 
and vernier readin, 
Teading for W=0 


ant was determined. 


The main scale 
gs with only the dead load were 


noted. It is the 


(5) The load on the pan was increased by 1 kg at atime. I went 
up to...ke-wt. The corresponding main scale and vernier readings were 
taken each time, 


(6) The loads were then diminished by the same amount at a time, 
and the Corresponding readings taken, till I reached the dead load. 
(T) The elon 


gation (1') for a load W was calculated from the mean 
readings for that load and the initial Teading, 
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(8) The W-l' graph was drawn. It was a straight line through 
the origin. A point P on the corner of a square through which the 
graph passed was chosen and the values of W and /’ corresponding to 
it were used for calculating E. 


Precaution. (1) The experimental wire should be free from kinks. 
A dead load of...kg-wt was placed on the pan to keep the wire taut. 
(2) The total load (including the dead load) must not be greater than 
half the breaking load of the wire. A greater load may cause it to 
exceed the elastic limit. 


Oral questions. (1) What is Young’s modulus? On what does it depend? 
What are its units in the cgs system? (2) What is elastic limit? (3) Explain the 
terms ‘longitudinal stress’ and ‘longitudinal strain’. What are their units? (4) Why 
is it necessary to have another wire of the same material as the experimental one? 
Should they have the same diameter? (5) What is ‘dead load’? Why is it used? 
(6) Why is the vernier read twice, once while the load is increasing and again when 
it is decreasing? (7) Explain how you drew the graph and used it. (8) What 
is Hooke’s law? (9) What do the terms ‘Stress’ and ‘Strain’ mean? 


Answers (1) See ‘Theory’. E depends on the material, and to some extent 
on the temperature. It is independent of the diameter or length of the wire. In 
dynes/cm? units. (2) If a body is deformed by applying a force, ordinarily the 
body regains its original size and shape when the deforming force is removed. But 
if the applied force exceeds a limit, the body may be left with a permanent change of 
shape or size. This limit is called the ‘elastic limit’. (3) See Section 2-12. Stress 
is expressed in dynes/cm? units. Strain is a pure number and does not require any 
unit. (4) If the room temperature changes, the length of the experimental wire 
will also change. The second wire is used for correcting for this change. The 
change in length is the same in both wires due to the temperature. So the vernier 
readings are not affected. The wires need not have the same diameter, as tempera- 
ture affects them equally. (5) The ‘dead load’ keeps the experimental wire free 
of kinks. If there is a kink (a little bending), straightening of the wire will lower its 
end without any change of actual length. Presence of a kink will thus vitiate results. 
(6) To reduce the experimental error. Sometimes the vernier may stick and give 
a false value. (7) See items (8) and (9) under ‘Directions for the experiment’, 
The O, O point should be on the graph. (8) See theory. (9) Stress meant the 
load per unit area, and strain meant the elongation per unit length. 


Young’s modulus (dyn/cm?) 


Aluminium 7.05 * 10 Steel 19,5-20.6 * 10% 
Brass 9.7-10.2 x 10% Plastics 0.14-1.1 * 101+ 
Copper 10.5-13.0* 10% Rubber 0.15-0.5 * 108 


(soft vulcanized) 
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2-12.2. To determine Young’s modul 


us using a micrometer 
screw. Young’s modulus apparatus usin 


§ a micrometer screw is 
known as Searles apparatus (for 
Young’s modulus). Its cons- 
truction, is shown in Fig. 2.18. 

The comparison wire B termi- 
nates in a frame Fı which supports 
the dead load. The experimental 
Wire A is attached to a similar 
frame F,. The two frames are 
connected by cross pieces so that 
they are unable to move laterally 
relative to each other, But Fz 
may be depressed when loads are 
hung from its lower end. 

A spirit level* S.L, is supported 


at one end on a rigid cross bar of 
Fi: 


j this stage. But if any in- 
apparatus and no sj 


i simpler one, students should 
be given adequate help. : 


is a glass tube containing alcohol and a bubble of air. 

The tube hag the form of anare of a Circle. It is Mounted in a metal tube with a 
Plane flat bottom When the bottom isj horizontal, the air bubble is at the top centre 
A line on the glass tube marks this central 


» the flat bottom is horizontal. 


CHAPTER 
Pi : LIGHT 


3-1. Introductory remarks on ‘LIGHT’ experiments. 

When light falls on a surface, a part of it is reflected, a part is trans- 
mitted and the rest is absorbed. The nature of the surface deter- 
mines what the different fractions will be. A well-polished metal 
plate, a glass mirror with a silver backing, white paper or cloth reflects 
most of the incident light. Surfaces like those of a glass plate, glass 
prism or lens etc, transmit most of the incident light. A black surface 
absorbs most of the incident light. 

Light moves in a straight line in a homogeneous medium. The 
path along which light moves in going from one point to another is 
called a ray. A pencil of rays is a collection of rays of small cross- 
section. A collection of pencils of rays is a beam or bundle of rays. 
A parallel pencil, beam, or bundle of rays is one in which all the rays 
are parallel. If all the rays move towards the same point itis a 
convergent beam or pencil. If all rays of a pencil or beam come 
from the same point, it is a divergent one. 

Ray tracing. In tracing rays we take the help of pins. (A 
ray-box can also be used; but very few of our laboratories have it. 
So we shall not dis- 
cuss it.) Suppose a > 
pin P; (Fig. 3.1, top) is D 
fixed on a table in 
openen ye peng TUET RAYS REFLECTED 
see it by the rays wA FROM PIN 
reflected from its 
sides. Fix another 
pin P, in such a way 
that you cannot see 
P; (Fig. 3.1, bottom). 
It would mean that 
the ray by which you were seeing P4 has been stopped by Pa. So the 
line P; P2 represents the ray coming from P} to Pp. 


Pa DY 


Fig. 3.1 (Ray tracing) 
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All experiments with the help 
window. You get enough light. 
painted white or yellow. They can 
pins are better for Tay tracing than t 


of pins are best done near an open 
It is convenient to have the pins 
then be seen more clearly, Thin 

hick pins. 

Parallax, 


In Fig. 3.2, P; and 


Ps are two pins som 
you look along the lin 


e distance apart. When 
e PiP, with one ẹ 


Ye, you cannot say which 
is closer and which is 

EE., farther away. This 
happens when your eye 
is at E; P,, P, are along 
P È your line of sight: 

rÁ i 2 Suppose you move your 
eye at right angles to 
the line of sight to the 
Position E}. From here 
P2. The more distant 


he remote pin alway 
the eye, and nearer 
straight object throug! 
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will be seen to move opposite to the motion of the eye against the 
background. P, will seem to move in the direction of motion of 
the eye relative to P;'. This 

means P;' is nearer to the eye 

than P,. If the pin Py’ be BK ne one Soe See 
placed at P,”, and you move ay i 

your eye as before, the opposite E Bi maa 
will seem to happen. This will 


tell you that P," is too far Fig. 3.3 (Determining position by the 
method of parallax.) 


away from you than P). You 
can accordingly adjust the position of P, to bring it into conicidence 
with P», as shown at P;"’ (Fig. 3.3). When P, is at position P,”’, 
there will be no relative motion between P4 and the image P} when you 
move your eye. This will tell you that the two pins P; and P, are at 
the same place. Thus, by removing parallax you find the position of 
the image. 


3-1.2. Experiments with lens and mirror. In experiments with a 
lens or mirror it is necessary to measure the distances of the object 
and the image from the lens or mirror. If the object is a point object, 
the distances can be measured accurately. You may get a point object 
in either of two ways. It may be the point of a pin or it may be the 
junction point of two fine wires placed as a cross(x). It is easier to 
get a pin and use it. So we shall take the point of a pin as our point 
object in lens or mirror experiments. 


Optical bench. In measuring the object distance u and the image 
distance v, optical benches are often used. Such benches vary widely 
in construction. But every bench has at least three stands, with holders 
—one each for the object, the lens and the search pin to locate the image. 
The holders may be raised or lowered so that the centre of the lens, the 
point object and the point of the search pin for the image may lie on 
the same horizontal line parallel to the length of the bench. The 
stands can slide along a metre scale fixed to the bench. There is a 
mark on each stand which tells you the position of the lens or either of 
the pins it holds. From the distance between these marks you can get 
u or v. 


Figures 3.4(a) and (b) show two such stands of very simple construc- 
tion. These are of wood. The vertical board has a V cut. The sides 
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of the V may be grooved along the middle. 


STAND 


a LENS 


| eR TED, 
zam NZI ; 


(a) M) # 


Fig. 3.4 (Simple stands for optical experiments), 


points of the pins are at the same height. 
gives the position of the pin on the stand, 


may Serve as a simple optical bench, 
can slide alongside the Metre scale. 


a METRE SCALE 
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The lens or mirror sits in 


this groove (Fig. 
3.4a). Two inverted 
pins are fixed 
vertically in the 
groove with plas- 
ticine, glue or 
wax. Care is taken 
,So that the centre 
of the lens and the 


The mark M (Fig. 3.40) 


BASE BOARD” 


Fig. 3.5 (Optical bench without stand) 
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3-2.1. Experiment 13 
To yerify the laws of reflection of light. 


Theory. The laws of reflection of light are 

(i) The angle of incidence (i) is equal to the angle of reflection (r). 

(ii) The incident ray, the reflected ray and the normal at the point 
of incidence lie in the same plane. 

Apparatus. A thin glass mirror mounted on one side of a plane 
rectangular piece of wood (the base of the wood and the plane of the 
mirror should be at right angles); four long pins (we may call them 
‘optical pins’); drawing paper; drawing board; four drawing pins; a 
protractor (preferably transparent) for measuring angles; a sharp 
pencil. 


[Directions for the experiment. 

(1) Fix the drawing paper on the drawing board. Draw a straight 
line MM; (Fig. 3.6) near the middle of the paper. Place the mirror 
vertically with its reflecting plane on this line. (The reflecting plane 
of a glass mirror is its back side, which has the silver coating.) 


Fig. 3.6 (To verify the laws of reflection) 


(2) Fix the pins O and P; on your right-side to determine the 
direction. of the incident ray. So place{the pin P; that it is seen in a 


line with the images of O and P; formed in the fmirror. Place the 
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fourth pin P} also on that line. 
P3 will all appear to be on the 
the direction of the incident ray. 
Teflected ray. 


(It will be good to have O about 10 cm from 
about 2 cm from the mirror, 


The images of O, P and the pins Po, 
Same straight line. OP; gives you 
P>P; gives you the direction of the 


\ 
the mirror, and P; 
Similarly for P, and P3). 
G) Do not move the mirror and the pin 0. Withdraw pins 
Py, Po, P; and draw small circles with Pin-prick Points as centres, 


with an increasin 
Place the two 


(2) 


& angle of incidence on 
Pins Py’, P;’ and make 


Protractor draw lines O1 Ni, O2N5, O'N’ 
0;' and measure the 


Mes a a a ee 
Angle of reflection 
eS 


Conclusion. 
le 
Tie 
n2 = 
Tio 
Lye KAA 
AA nii AA. 


Method followed. 


() I fixed the drawing Paper flat on the drawing board. Then 


à 
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I drew a line (MyM>) near the middle of the paper and parallel to the 
edge. The reflecting surface (the back surface) of the mirror was placed 
on this line. 

(2) I fixed two pins O and P; in front of the mirror to define an 
incident ray. A third pin P> was so fixed that the images of O and P, 
in the mirror and the pin P, appeared to lie on the same line. A fourth 
pin P; was also fixed on the same straight line. OP; determines the 
incident ray and PoP; the reflected ray. ` 

(3) Without moving the mirror pins P4, P2, P3 were withdrawn. 
and small circles were drawn with pin-prick points as centres. 

(4) Another similar construction was done on the same side of 
P; and two others on the other side of O. 


(5) The mirror was removed. OP;, OP;’, OQ; OQ,’ were joined 
and produced to meet the line MyM at O1, O2, Oy’, Oz’. Also P2P3,. 
P,'P;', Q2Q3 Q2'Q3’ were joined and these line passed through O}, 
Oz, O1’, O2' respectively. O1Nı, ON2, O01"Ni', O2’N2’ were drawn 
perpendiculars to MyM at O1, O2, O1', O,’. 

(6) 1 measured angles of incidence and angles of reflection by a 
protractor. 


Precautions: 
(1) The mirror should be thin and optically plane. 
(2) The direction of the ray should be shown by an arrow head. 


(3) To eliminate the error in measuring angles the angles of inci- 
dence should be made large. 


(4) The pins should be fixed vertically. 


(5) The mirror should not be disturbed in the least while the rays 
are being drawn. 


Oral questions. (1) What is reflection? 
(2) What is a ‘ray’ of light? 
(3) Explain the terms: 
(i) incident ray, (ii) reflected ray, (iii) point of incidence, (iv) normal at 
the point of incidence, (v) plane of incidence. 
(4) How can the direction of a ray be shown? Have you shown them in your 
figures? 
(5) Should an optical pin be thick or thin? Why? 
(6) What are the laws of reflection? 
(7) Would you prefer a thick glass mirror or a thin one? Why? 
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(2) Light moving from 
- The term is also applied to the path along 
at falls on a surface is an incident ray. The 
Teflected ray. The Point where the incident 
incidence. The Perpendicular drawn on 
ence is the normal at the point of incidence. 


Tay and the Corresponding reflected ray is 
the plane of incidence, (Here the plan 


is shown by an arrow head. (5) Thin, The straight line joining the centres of ia 
holes that the Pins make in the paper Marks the Tay. So, the thinner the pins t 


lesser the error, (6) See ‘Theory’, (7) Thin. The reflecting surface is the back 
surface. If the glass is thick, re 


3-2.2 Experiment 14 


To show that in case of Plane mirror the object 
distance, is equal to the image di 


Theory, The virtual im: 


in front of it, i.e., object 
distance ()=image distance (v). 
Apparatus, 
[Directions 
Periment, 


(1) Produce (Fig, 3.6) the Teflected rays P, 
Q:'Q;’ behind the line MM.. They will meet ati 


Same as Previous experiment, 


for the experiment: (1) to (6) Same as previous ex- 


" perpendi- 
“and IQ’ with a scale. 


Observations, 
No. of Readings in cm the Position of the Object Image Conclusion 
obs. - istance i 
Obje 


d 
ct Ji mirror (0’) Image (0) |G (009 One 


in cm. 
ss 
ils | 


HD 


| | 
aed | | | 
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Results. From the table it is seen that the object distance is egual 
to the image distance within limits of ezperimental error. 


Method followed. (1) to (5) Same as previous experiment. 

(6) The reflected rays PaP3, P2’P3’, 0203, 0.'0;' produced behind 
the line M,Mz. They meet at the point J. OI was joined. It cut the 
line M,My at O’. The object distance OO’ and image distance 10’ 
were measured three times with a seale. 

Precaution. Same as previous experiment. 


Oral Questions (1) Define image. (2) How many types of images are there? 
(3) What type of image is formed by a plane mirror? 


Ans. (1) When the rays of light from a point souice after reflection or refraction 
converge at a point or appear to diverge froma point, the second point is called the 
image of the first. (2) Two types—virtual and real (3) Virtual. For other questions 
and answers see expt. No. 13. 


3-3. Experiment 15 
To verify the laws of refraction of light. 


Theory. The laws of refraction of light are 

(i) The incident ray, the refracted ray and the normal at the 
point of incidence, all lie in the same plane. 

(ii) If i be the angle of incidence and r the angle of refraction, 
then for refraction of light of a given colour from one given medium 
to another given medium, the ratio sin i/ sin r is a constant independent 
of i. This constant is known as the refractive index (u) of the second 
medium with respect to first. The second law is also known as Snell’s 
law. 

Apparatus. A rectangular slab of glass; four optical pins; drawing 
paper, board and pins; protractor for measuring angle. 

[ Directions for the experiment. 

(1) Fix the drawing paper to the drawing board with four daning 
pins. 

(2) Place the slab of glass near the middle of the{paper (Fig. 3.7). 
Draw its boundary with a sharp pencil. Be careful that the slab is 
not disturbed during the work. 


(3) Fix two optical pins O and P, on one side of the slab to mark 


AA AAA ee 
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the incident ray. Look through the other side of the slab and fix the 
pins P, and P; so that the images of O, P, ap 
line as P}, P3. OP gives you the dire 
gives you the direction of the emer; 


pear on the same straight 
ction of the incident ray and P,P3 
gent ray, 

(4) Do not move the slab and the pin O. wit 


hdraw pins PSPs; PA 
and draw small circles with 


Pin-prick points as centres. 


Fig. 3.7 To verify the laws of refraction 


(5) Fix the pin P,’ with an increasi 
the same side of P, a 


E ins Py’, P;’ and make similar 
Construction as in (3), : 


side make similar Constructions with pins 
Qi, O., Os and Or", Os’, Qs’. 
(7) Remove the slab and the 


; > Q20; and Q2'Q3'. Draw lines wher 
ays Meet the outline of the slab from 0. These Ji iv h 
refracted rays, i ae 


2, perpendicular at 
; a> le, i,', ip’ and angle 
s Tas Fi’, Pa poe 


(9) Drawa Circle with O as centre and radius less than the thickness 


aN 
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of the slab. Draw perpendiculars on N;ON; from the points where 
the incident and refracted rays cut the circumference of the circle. 
Measure these perpendiculars. 

(If the slab was undisturbed during any of these operations, and 
your drawing has been accurate, you will find that the incident rays 
and emergent rays (OP, and P,P; etc) are parallel. Check this. This 
is important)}. 


Observations. d 
Table I 
No. of | Angle of | Angle of | Sini | Sin r Sini [vr 
obs. incidence | refraction == Remarks 
(i) w) Sinr 
1- | Within experi- 
mental error the 
2 | ratio Sini /Sinr 
is constant. This 
ai verifies 2nd law 
of refraction. 
4. 
| gi 
Table JI 
No. of| Perpendicular Perpendicular d 
obs. distances in air | distances in the re Remarks 
(d) (cm) medium(d’) (cm) d’ 
1 
2. 
Be 
4, 


Results. (i) Verification of first law: In all cases the incident 
ray, the refracted ray and the normal at the point of incidence are all 
lie in the same plane—here the plane of the paper. This proves the 
first law. 

(ii) Verification of second law: From the table I and H it is seen 
that Sin i/Sin r remain constant within experimental error. Thus 
Sneil’s law is verified. 


Method followed. 

(1) The drawing paper was fixed to the crawing board. The 
rectangular slab of glass was placed on the paper and its outline was 
drawn with a sharp pencil. 
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(2) Two pins O and P; were fixed on one side of the slab to mark 
the incident ray. The line OP, marks the incident ray. 


G) Looking through the Opposite side of the slab a third pin Po 


was so fixed that the images of O, Py and the pin Pz appeared to lie 


on the same Straight line. A fourth pin P3 was fixed on the same 
line about 8-10 cm away from P}, Py P3 


marks the emergent ray. 

he pin O, pins Py, P» and P3 
e drawn with pin-prick points 

as centres, 


emergent rays and refra j n. A perpendicular NON» 
was drawn at the point 0. 


(7) The angles of 


incidence and the an 
measured by a protract 


gles of refraction were 
or. 


and refracted rays. The 


Precaution, 


(1) The glass slab must 
while the rays aj 


re being drawn 
(2) The Opposite faces of the slab should be parallel. 
(3) The direction of the ray should be shown by arrow head. 


(4) To eliminate the error in measuring angles, the angles of inci- 
incidence should be made large. 


(5) The pins should be fixed vertically. 


Oral questions, (1) What are the jaw. 
(2) What is Snell's law? 


What is Tefractive index? / 
(4) Does your experi i 


S of refraction? 
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Answers: (1) and (2)—See ‘Theory’. (3) The ratio sin i/sin r. (4) and (5), yes; 
it gives the refractive index for refraction from air to glass. (6) The reciprocal of 
p that I have got here. (7) Then r will be the angle of incidence and ? the angle of 
refraction into air. (8) Refractive index of the second medium relative to the first= 
Velocity in the first medium -+ velocity in the second medium. 


Table of Sines of angles 


eo sin 0 (uF sin 9 0 sin 9 

14 0.242 35 0.574 56 0.829 
15 0.259 36 0.588 57 0.839 
16 0.276 37 0.602 58 0.848 
17 0.292 38 0.616 59 0.857 
18 0.309 39 0.629 60 0.866 
19 0.326 40 0.643 61 0.875 
20 0.342 41 0.656 62 0.883 
21 0.358 42 0.669 63 0.891 
22 0.375 43 0.682 64 0.899 
23 0.391 44 0.695 65 0.906 
24 0.407 45 0.707 ` 66 0.914 
25 0.423 46 0.719 67 0.921 
26 0.438 47 0.731 68 0.927 
27 0.454 48 0.743 69 0.934 
28 0.470 49 0.755 70 0.940 
29 0.485 50 0.766 71 0.946 
30 0.500 51 0.777 72 0.951 
31 0.515 52 0.788 73 0.956 
32 0.530 53 0.799 74 0.961 
33 0.545 54 0.809 75 0.966 
34 0.559 55 0.819 76 0.970 


For fractional angles add the proportionate difference. 
Example: sin 37:5° =sin 37°+(sin 38°—sin 37°) X0°5 
=0:602-+ (0:616 —0°602) £0-5—0'609. 


3-4.1. Spherical Mirror: A portion of a sphere having reflecting 
surface is called a spherical mirror. The centre of the sphere of which 
the mirror is a part is called ‘centre of curvature’ and its radius ‘radius 
of curvature’ of the mirror. The middle point of the mirror is called 
pole of the mirror. The line joining the centre of curvature and the 
pole is called the axis of the mirror. 

A spherical mirror may be ‘concave’ or ‘convex’. If the centre of 
curvature lies on the same side of the reflecting surface, the mirror 
is called concave and if it lies on the other side the mirror is called 
convex: We shall confine ourselves to concave mirror only. 

When a beam of rays, parallel to the axis, is incident on a concave 
mirror, the rays after reflection converge to a point on the axis of the 
mirror. This point is called the focus of the mirror. The distance 
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along the axis from the pole of the mirror to its focus, is called the 
focal length of the mirror. The plane through the focus which passes 
perpendicular to the axis of a mirror is called its focal plane. 

A point object placed on the axis of a concave mirror at a distance 
from it greater than its focal length, forms a point image on the axis 
on the same side of the mirror. The object distance (u), the image dis- 
tance (v), radius of curvature (r) and focal length (f) are related by 

Ii 


the relation 5 WA oF To make it clear on which side of the 


mirror the object, the image, the radius of curvature and focus lies, 
the nature of the image (real or virtual), the symbols w, v, r and fare 
endowed with positive (+) or negative(—) sign according to some 
accepted convention. There are different conventions in use. 


3-4.2. Experiment 16 


To find the focal length of a concave mirror by the method of 
coincidence (with or without a optical bench) 


Theory. The relation between the object distance u, the image 


distance y, the radius of curvature r and the focal length f of a concave 
mirror, with pole as origin, is given by 
1 1 2 1 
we Be eg 
when u=r, i.e., when the object is placed at the centre of curv 
the above formula reduces to 
=r —2F 
which means the image is also formed at the centre of curvature. So 


ature, 


focal length of the mirror can be calculated from the relation f= 1 


Apparatus. Concave mirror with stand, 


Object pin with adjustable 
stand, metre scale (or optical bench). 


[Directions for the experiment : 
(We shall describe what to do if there is no optical bench. These 
instructions will also tell you how to use the optical bench.) 


U) Mount the object pin vertically on the stand and place it near 
the concave mirror. Adjust its hei 


ght so that the tip of the pin passes 
very close to the axis of the mirror. 
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(2) Move away the object pin from the concave mirror until you 
see a real and inverted image of the pin through the mirror. Adjust 
the object pin and its image in the same vertical line and coincide 
their tips by moving the object pin up or down. 

(3) Move the object pin slowly 


until there is exact coincidence k n 
between the object pin and its HH- On 
image i.e, there is no parallax 
(see section 3-1.1) between the two. 
(See fig. 3.8) 

(4) Measure the distance be- 


tween the pole of the mirror and 

the tip of the object pin by a metre 

Scale (If you use a optical bench Fig. 3.8 

then note the psitions of the mirror ‘ 

and the object pin from the scale fixed by the side of the optical bench, 
The difference of these positions give you the value of r.) 

(5) Disturb the set up and repeat independently the same 
procedure several times to get the positional coincidence between the 
object pin and its image. Each time measure the distance between 
the mirror and the object pin (or note the positions of the mirror and 
object pin). Calculate mean of these values. Half of this mean value 
give you the focal length of the concave mirror.] 


Observations. Without optical bench. 


No. of | Distance between the object 
obs. | pin and the pole of the con- 
cave mirror in cm. (r) 


Mean value 


Focal length of the 
of r in cm. 


mirror f=r/2 in cm. 


e ote 


With optical bench 


No. of | Position of | Position of | Radius of Mean Focal length 
obs. | the mirror | the object | curvature of | value of of the mirror 
in cm. pininem. | the mirror T 
(M) (0) r=M~0 in cm f=r/2in cm. 
| in cm. 

Toan | | TA 

2. 

3 

etc. | 
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Results. Hence the focal length of the given concave mirror= 
Zem. 


Method followed: (1) The obj 


was disturbed and the same operation were 
repeated several times. From these observations the focal length of 
the mirror was calculated. 
Precautions, 


(1) Positional Coincidence of the object 
be carefully ascertained by avoiding parallax, 
(2) The object pin should be vertical. 

(3) The distance between the 
Should be measured horizontally. 
(4) The aperture of the mirror must be small, 


Oral questions. (1) Can a concave mirror produ; 
then how can you locate the Position of the image? 

(2) You are given two concave e focal lengths but of different 
apertute. Which one you Prefer and Why? 

(3) How can you identify a concave mirror? 

(4) Define the t 


vature, radius of Curvature, pole, axi focus 
and focal length of a mirror, ae 3 
Ans. 


Pin and its image should 


Pole of the mirror and the object pin 


image, (3) An object placed y, 


A transparent medium bo 
“spherical lens’. The line ; 
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surfaces is called the axis of the lens. Though lenses may have other 
shapes we shall deal only with spherical lenses. 


A spherical lens may be ‘convex’ or ‘concave’. A convex lens 
is thicker in the middle and thinner at the edges. A concave lens 
is thinner in the middle and thicker at the edges. We shall confine 
ourselves to convex lenses only. 


When a beam of rays, parallel to the axis, is incident on a lens, 
the rays converge to a point on the axis after refraction at both surfaces 
of the lens. This point is called the focus of the lens. The distance 
along the axis from the centre of the lens to its focus, is called the focal 
length of the lens. 

A convex lens whose refractive index is greater than that of the 
surrounding medium, increases the convergence of a beam of rays 
incident on it. Such a lens is also called.a convergent lens. Since 
we generally use glass lenses in air, they are all convergent in the given 
situation. For this reason, the terms ‘convex’ lens and ‘convergent? 
lens are sometimes used synonymously. But the difference may be 
remembered, For similar reasons, a concave lens is also called a 
divergent lens. 


The plane through the focus which passes perpendicular to the 
axis of a lens is called its focal plane. 


A point object placed on the axis of a lens at a distance from it 
greater than its focal length, forms a point image on the axis on the 
other side of the lens. The object distance (u), image distance (v), 
and focal length (f) are related quantities. To make it clear on which 
side of the lens the object, the image or the focus lies, the 
symbols u, v, f are endowed with the positive ( +) or the negative 
(—) sign according to some accepted convention. There are 
different conventions in use. According to one the formula 
connecting u, v, fis 11 ah According to another it is 1 + =h 


fi y 


3-5.1. Experiment : 17 


To determine the focal length of a given convex lens by u-y method 
(Conjugate foci method). 


Theory. For a convex lens the relation between the object distance 


> 
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u, the image distance v and the focal length fis given by 
: ES ileal 
‘ y u 
For real image the image distance y is negative. So the above formula 
can be written as DE 


or. =——_., 
y u-ty 


knowing the values of u and v, f can be determined, 


Apparatus. Experimental lens: lens holder on a stand; two optical 
pins mounted on stands: metre scale (or optical bench), 
[Instead of pins an- illuminated cross 


may serve as object anda 
white screen to determine the position of t 


he image.] 


Fig. 3.9 


[Directions for the experiment, 


(We shall describe what to do if there is no optical bench. These 
instructions will also tell you how to use the optical bench.) 


(1) Take the lens near a window and form with it the image of 
a bright, distant object (20-30 m away) on a piece of white paper. 
Measure the distance between the lens and the image. This gives you 


and approximate value of the focal length. It is of advantage to have 
this knowledge. 


the centre of the lens. 


The pins (or cross and Screen) must be vertical, 
should give the correct Position of the pins (or 


(3) Place one of the pins (or the cross) 


s far as you can. 
The mark on the stand 
cross and screen), 


at a distance of about 
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2f from the lens and on its axis. Look (or place the sereen) for the 
image on the other side of the lens at about the same distance. (your 
eyes will have to be about 25 cm. farther away toseetheimage.) Adjust 
the pins in the same vertical line and coincide their tips by moving the 
pins up or down. Arrange the search pin so that there is no parallax 
(See. 3-1.1) between the image pin and the tip of the search pin (or 
arrange the screen so that the image of the illuminated cross received 
on the screen as sharp as possible). Place a metre scale by the side 
of the pins (or illumininated object, screen) and lens and note the 
position of the pins (or illuminated object, screen) and lens from the 
scale. Keeping the object pin (or cross) in the same position disturb 
the search pin (or screen) and adjust independently the same procedure 
two times more. The mean of these three readings will give you the 
position of the image. 
(4) Vary the position of the object pin (or cross) between 13 f and 
3f. For each position of the object, find the image position three times 
as above and measure the corresponding values of u and v. 


(5) Do so for at least five values of u. Then calculate the value of f. 


(6) Draw a graph plotting u along x-axis and v along y-axis, The 
graph will be a rectangular hyperbola. Take a suitable point on 
the graph and also find the value of f.] 


Observations and calculations. 


With or without optical bench and pins. 


No. Position in cm of the 
of — Object Image focal Mean 
obs | object |lens | Search | Mean | distance | distance length focal 
pin pin in cm in cm uy length 
©) |0 (S) (S) (u) (v) f=-—— | incm. 
(L~O) | ~S) ut 
j in cm 
a 
Ga) 
1. (ii) kawa Rade, 
(iii) | 
0) 
2: (i) 
(iii) 
etc. 
: | 
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With illuminated object and screen 


Position in cm. of the 


| Object | Image focal Mean 
of | illu- lens | Screen | Mean distance] distance length focal 
obs | minat- in cm | in cm uyv length 
ed ‘w BV f=— —_ in 
object u+v cm 
(0) (L) (S) (S) | (Lo) (L~S) 
(i) 
1. awa sia (ii) 
(iii) 
7. 
etc. 
Result, The mean value of the focal length of the given lens= 
“tem. 


Te of the lens were adju 


sted to be at the same 
height as for as possible. 


were measured. For one 
Mage positions were deter- 


eadings were taken in this way, f was calculated 
v values and the mean was taken as the focal 
length of the lens, 


From the graph f also calculated. 


Precautions, ( 


1) To find the exact position of the image, 
must be avoided, 


parallax 
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(2) The minimum error in measuring f will be when u=y i.e. when 
the object is placed at 2f. So the object should be placed around 2f. 


(3) The aperture of the lens should be small, otherwise due to 
spherical aberration the exact position of the image cannot be determin- 
ed, 


Oral questions. (1) What do you understand by ‘focal length’ and ‘axis’ of a 
lens? 

(2) What is a ‘thin’ lens? 

(3) From which point are u, v and f measured in a thin lens? 

(4) What is a ‘point object’? 

(5) Explain ‘parallax’ and how you use it to locate the position of an image. 

(6) Are the words ‘convex lens’ and ‘convergent lens’ synonymous? 

(7) Cana convergent lens always form a real image of a real object ? 

(8) Distinguish between ‘real’ and ‘virtual’ images. 

Ans. (1) See Sec. 3.3. (2) A ‘thin’ Jens is one the thickness of which can be 
ignored compared with its focal length. (3) From the midpoint of the lens. But 
if ignoring the thickness is permissible, the distance may be measured from the nearer 
pole of the lens. (4) An object whose dimensions (that is, length breadth 
and thickness) are negligible compared with its distance from a lens. (5) See 
Section 3-1.1 (Fig. 3.3). (6) See Sec. 3-3. (7) Not if the object lies between 
the focus and the lens. (8) If a divergent pencil from a point object is brought to 
a point focus after reflection or refraction, the image is ‘real’. If after reflection 
or refraction the rays from a point object appear to come from another point, the 
latter point is the ‘virtual’ image of the first. A real image can be received on a 
screen, but not a virtual image. The image seen in a plane mirror is virtual, ia 


CHAPTER 
; HEAT 
4 


4-1. Introductory remarks on ‘HEAT’ experiments. 


When a body gains or loses heat en 


ergy, one of the following effects 
is observed: 


(I) A change in temperature, 


(2) A change of dimensions (length, area, volume) and pressure; 
(3) A change of state (from solid to liquid, etc. and vice versa). 
In the experiments we shall have to do, 


us to measure a mass, a quantity of heat and 
Heat is a measurable quantity and has to bee 


it will be necessary for 
a change in temperature. 
xpressed in proper units. 

Measurement of temperature, 


Temperature is measured by using 
a thermometer, Though there 


celsius degree, some 
But the practice is 


Precaution in the use of a thermometer, 
(a) Choose a thermome 


ter of suitable range. 
Perpendicularly to the scale. 


In reading it look 
Otherwise there will b 


e parallax error. 


fragile (=easily breakable) instrument. 
tly when Stirring water, 


(b) A thermometer is a 
Handle it with Care, particula 

(e) Try to read a thermo 
by eyeNestimation, 
by the smallness o 
result uncertain in t 


meter up to one-tenth of a division (0:19) 
The greatest error in a ‘Heat? experiment is caused 
f temperature difference. | ThisToften makes the 
he second Significant} digit, 
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(d) In experiments on calorimetry. temperatures must be 
recorded quickly. But a thermometer takes some time to reach the 
proper temperature. Time must be allowed for this. (In reading 
the doctor's thermometer you allow it enough time to reach the tem- 
perature of the patient.) 


(e) Keep the thermometer in its case’ when not in use. 


` 4-1.1. Unit of heat and some important thermal quantities. The 
unit of heat in the cgs system is the calorie (symbol, cal). The 
amount of heat energy required to raise the temperature of one gram 
of pure water from 145°C to 16°5°C is called a calorie. It is necessary 
to mention the initial temperature because water does not take the 
same amount of heat for a one degree rise at all points of the tem- 
perature scale. For ordinary purposes, this difference can be ignored. 
So we shall consider that one gram of water has taken ¢ calories of heat 
when its temperature rise is t celsius degrees. (This is like taking the 
mass of 1 cm? of water equal to one gram at ali temperatures. Here 
we ignore the variation of density of water with temperature.) 


Specific heat. The number of calories of heat required to 
raise the temperature of one gram of a substance by one degree celsius 
is called the specific heat (s) of the substance (in the cgs system). In 
cgs units, we write it as 5 cal/g.°C or s cal g! sE; 


In the early stages of progress in physics, methods of measurement were not 
very refined. Many results were obtained by ‘comparison’. The word ‘specific’ 
came to be used to express such results (compare ‘specific gravity’). Though methods 
of measurement have vastly improved, we have not yet given up the use of the word 
‘specific’, Many modern authors use the term ‘specific heat capacity’. The word 
‘specific? now carries the sense, ‘per unit’ mass or volume, etc., such as ‘specific latent 
heat’. 3 

On the basis of comparison, we had defined specific heat as the ratio 

heat required to raise the temperature of m grams of a substance by t°C 
m grams of water by 1°C 


mst cal 
ee es 
mt cal 
In this definition s is a pure number without any unit attached to it. This is 
like specific gravity which is also a pure number. 
We now consider it better to write s as s cal/g°C ( or cal/g-! °C-1). 


Heat capacity or Thermal capacity. The heat required to raise 
the temperature of a body by one celsius degree is called its heat capa- 
city (or thermal capacity). Let m be the mass of the body in grams, 
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s cal/g.°C the specific heat of its material and the rise of temperature 
1C°. Then the heat capacity (thermal capacity ) O of the body is m(g) xs 
(cal/g °C)=ms cal/°C, Note that the term ‘specific heat’ applies to 
a material and heat Capacity or ‘thermal Capacity’ to a body. 

From the definition of heat capacity (thermal capacity) it follows 
that ‘specific heat? of a Substance is the heat Capacity (thermal capacity) 
of one gram of the material. Hence the name ‘specific heat capacity’. 


Water equivalent, The number of grams of water which can be 
heated 1 celsius degree by an amount of heat equal to the heat capacity 
of a body, is called the Water equivalent of the body. Water equivalent 
(W) means an amount of water in grams. If m is the mass and s the 
Specific heat of the body W is numerically equal to ms. So W=ms 
grams (g). Note that ms calories of heat raise the temperature of ms 
grams of water by 1C°, The word ‘water equivalent? js rarely used in 
modern scientific writing. The term ‘heat Capacity’ is more Significant. 
“Water-equivalent? Was coined in the older days when we used specific 


4-1.2. Calorimetry, There is no instrument which measures 
heat directly (as thermometer measures temperature). To measure 
a quantity of heat we measure several other quantities and calculate 
the amount of heat from those data. The vessel in which such 
measurements are made is called a calorimeter, It js generally a 
cylindrical vessel of copper which has a smal] heat capacity and a high 
thermal conductivity, The Specific heat of Copper is 0:09 cal/g.°C, 
The term calorimetry means measurement of heat, 


Method of mixtures, 
“method of mixtures’, 


Perature. From the m 
the quantity we seek. 


Principle of the method of mixtures, 
no heat energy is allowed to enter nor lea 
heat lost by the warmer bodies—= 


To Principle states that If 
ves the calorimeter then the 


Exchange of heat between the calorimeter and the outside cannot 
be fully Stopped. But if the calorimeter is surrounded by a bad conduc- 
tor of heat 
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precautions may be taken in the construction and the method 
of use of a calorimeter in order to minimize heat exchange. But at 
this early stage we shall not go into them. We shall use simple calori- 
meters and employ simple methods. The error in the result will be a 
little high; but that does not matter. It is more important that the 
student first learns to use measuring instruments properly. Accuracy 
of result will follow when more refined instruments are used. 

Some liquid is taken inside a calorimeter. This makes it easier 
for the bodies inside it to exchange heat between themselves. Gener- 
ally, water is used for the purpose. A ‘stirrer’ is used constantly to 
stir the water. The stirrer and the calorimeter are both made of copper. 


4-2, Experiment 18 


To determine the specific heat of a solid by the method of mixtures 


Theory. Let 


mass of calorimeter stirrer =m, $3 

mass of liquid in the calorimeter =m; 
specific heat of the material of the 

calorimeter =s; cal/g. °C; 
specific heat of liquid in the calorimter =sz cal/g. C°; 
initial temperature of calorimeter and 

its contents =t, °C; 

mass of the experimental body =m g; 


specific heat of the material of the body =s cal/g. °C; 
(This is the quantity to be determined) i 


initial temperature of the body =h °C(>t1 °C) 
common temperature of all the bodies 
(after mixing) =1°C. 


The initial temperature (t) of the body is greater than that (1) of 

the calorimeter and its contents. So, when mixed, the body 

will lose heat=ms (t)—1) cal. The calorimeter and contents receive 

this heat and rise in temperature to £°C. The heat they so gain is 

(misi msa) (t—t)) cal. Assuming that no heat has left nor entered 

the calorimeter, we shall have, from the principle of conservation of 
energy, that heat lost=heat gained, 

or ms (t.—t)=(m51 +-mp5y)(t—t) 
s=(mysy F-mzs2)(t—td)Im(t2—1) 
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[Note—Ask the teacher for the values of sı ands». If the calorimeter 
and stirrer are made of copper, S1 may be taken as 0-1 cal/g.°C. For 


aluminium 51=0°2 cal/g.°c. ™S1=W is the water equivalent” of the 
calorimeter and Stirrer.] 


Apparatus, Steam-heater; Calorimeter 
Conducting vessel; the experimenta] solid; t 
Tange 0°—>100°C; the other of 0°—>50°C pre 
the degree); balance with weight box. 


Fig. 4.1 


[Description of apparatus, The calorime; 
Cylindrical copper vessel] (Fig. 4.1), It has 
the water in the calorimeter. The 


cylindrica] vessel of wood, It has a Pad of felt or cork (Ne) at its 
bottom, The calori i 
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to measure the temperature of the hot body and thermometer IT 
(0°-+50°C) is used to measure the temperature of the calorimetric 
liquid.] 


[Directions for the experiment. 


(1) Weigh the experimental solid (my, g). (mı may be determind 
to the nearest decigram. Finer weighing is unnecessary. In no case 
we shall require more than three significant digits. Because of un- 
certain heat losses, even the second digit in s will be uncertain.) 

(2) Introduce the solid and the thermometer I in the steam chamber 
through the upper cork. Closed the lower-end of the chamber by 
- the sliding board fixed in the system. Light the bunsen burner and 
allow the water to boil. The temperature of ‘the steam chamber 
gradually increase and when the temperature reach nearly 100°C, 
it become steady. It should be steady for at least 10 minutes before 
you take out the solid. 


(3) Without waiting for the water to boil, weigh the empty 
calorimeter with stirrer (mı g). It is enough to measure m; to the 
nearest gram. 

(4) Put enough liquid in the calorimeter as would cover the ex- 
perimental solid. Weigh the calorimeter with stirrer and liquid (m’, g). 
The mass of the liquid taken is m,=(m',;—my)g. 

(5) Put the calorimeter inside its container, measure the 
temperature of the liquid in the calorimeter with the 50° thermo- 
meter. Use eye estimation to read the temperature to 0-1C degree 
(a tenth of a degree). This value is t; °C. 


(6) Note the steady temperature of the steam chamber (t °C). 

(7) Bring the calorimeter with its contents just at the bottom 
of the steam chamber by opening the sliding partition and drop the 
solid into the calorimeter liquid by opening the sliding board at the 
bottom as quickly as possible. Be sure that it is fully immersed in the 
calorimetric liquid. Do not spill any liquid from the calorimeter. 


(8) Continuously stir the liquid. See that the thermometer is not 
injured in stirring. Note the maximum temperature reached by the 
thermometer. Read the value to tenth of a degree by eye estimation, 
This maximum value is the common temperature t°C.] 
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Observations, 
Given, specific heat (sı) of the material of the calorimeter= 
““Cal/g. °G: 


speciñc heat (s2) of the calorimetric liquid = “Cal/g. °C. 


No. | Mass of Mass of 


Mass of Mass 
of | the Solid empty Cal, 


Initial Temp.. | Com- 


empty Cal. | of water temp. of the | mon 
obs (m) +Stirrer. +Stirrer+ | taken of heated | Temp. 
(mj) liguid m= liquid | solid after 
m’) m—m,| (t) (t2) mixing 
MW 
ki EE E D 
+..)g -2g 
lasam || ety eye 
i +)mg +..)mg =g Wace! Bes) sG 
Eag =, 
rarr o el 
Calculations, 
Heat lost=ms (£>—t) Cal=-" xs cal. 


Heat gained=(m;s} +Hmas2)(t—t)= ` -Cal. 
(mis: +m s Xt- 14) “cal 
S= 252 aa aes o, 
EE era Cal/g. °C, 


“cal/g. °C. 

Method followed, (1) The experimental solid was weighed and 

Suspended by a thread with a thermometer in the heat chamber. The 
water was put to boil 


(2) In the Same time the 


ates i iner and the tempera- 
ture of liquid noted carefully, 


as brought just at the 
dropped into the calori- 
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matric liquid by opening the sliding board at the bottom quickly and 
carefully. 

(6) Liquid in the calorimeter was continuously stirred. The 
maximum temperature reached by the thermometer in it was carefully 
noted. 


Precautions. 


(1) The time interval between taking the heated solid out of the 
heat chamber and putting it in the calorimeter was made as short as 
possible. No water spilled while putting the solid in the calorimeter. 

(2) The water in the calorimeter was continuously stirred. Care 
was taken so that the thermometer was not injured in stirring. 

(3) The calorimeter was kept screened from the heat radiated by 
the burner. 

(4) In reading the thermometers, parallax error was avoided. 


Remarks. (1) In such experiments, heat exchange between the 
calorimeter and the outside cannot be prevented. It can be reduced 
to a greater or lesser extent. But some heat is always transferred by 
conduction, convection and radiation. Moreover, in the little time- 
lost in transferring the hot body to the calorimeter, some heat is lost 
by the body. For all these reasons, the result cannot be very accurate. 
Uncertainty persists in the second digit. 

(2) Water has the highest specific heat among all ordinary sub- 
stances, If water is taken as a calorimetric liquid then for a given 
supply of heat, its rise of temperature will be the smallest. So, just 
enough water should be taken in the calorimeter fully to immerse the 
solid and the thermometer bulb. 

(3) The largest error occurs in measuring (t—t,), the tem- 
perature. rise of liquid. In the case of water it is hardly 5C°. 
Each temperature reading may have an error of 0:2C°. The total 
error for two readings may be as high as 0:4C". So for a tempera- 
ture rise of even 5C°, the percentage error may be (0-4/5) x100=8 %. 
The error for heat exchange may be 5% depending on the situation. 
It is therefore not unlikely that the value you get will differ from the 
accepted value by 10 to 20%. If the error can be brought down to 5%, 
the result should be considered very good. 


Oral questions. (1) What is specific heat? Whose specific heat are you deter- 
mining? 
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(2) Is specific heat a pure number, 
(3) What is a calorie? Why is t 


(4) What is the harm if you all 
calorimeter and the outside? 


or has it any unit attached to it? 
€mperature mentioned in the definition? 
low heat exchange to take Place between the 


case (see Section 4-1,2), (5) The cal- 
orimeter has been placed on a bad conductor in a container. This reduces heat 


rimeter. There are 
ection and radiation, But this ‘radiation 
ere. (6) See Section 4-1.2, (7) Temperature 


See items (2) and (3) of the 


Aluminium re 


0-21 Glass (Flint) 0:12 
oe 0:089 Marble 0:21-0:22 
Glass (crown) ne ois 

TAERE 


dition: Unless the solid gets this additional ° 
heat while at its melting point, it During melting the 
(The last statement 
, Substances.) 
Similarly, 


Converted into the liquid 
the latent heat of fus 
in calories per gram (cal/g). 
is 80 cal/g’ means that if i 


nge of temperature is called 
In cgs units, it is expressed 
that ‘the latent heat of ice 
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an addition of 80 calories for each gram of ice to melt. The water 
formed will also be at 0°C. During melting the temperature will re- 
main constant at 0°C. (If no heat is added to or removed from 
a mixture of ice and water at 0°C, both ice and water will remain 
unchanged.) When water at 0°C solidifies into ice at 0°C, each gram 
of water gives out 80 calories of heat. 

The heat required by unit mass of a liquid to be converted 
into the vapour form without change of te mprature is called its latent 
heat of vaporization. The same quantity of heat is given out when 
the vapour condenses. 

In the next experiment we describe how the latent heat of ice can 
"be measured, 


4-3.1. Experiment 19. 


To determine the latent heat of fusion of ice 
Theory. Let 


Mass of the empty calorimeter =m,g 
Specific heat of its material =s; cal/g. °C 
Mass of water in the calorimeter =m g 
Initial temperature of the water =4 °C 
Mass of ice melted in the water =m g. 
Minimum temperature of water 

after the ice in it has melted =t°C 
Temperature of melting ice =0°C 
Latent heat of ice =L cal/g 


If there is no heat exchange between the calorimeter and the outside, 
we shall have 
heat lost=heat gained. 4 
Tn this case ice has gained heat in melting. The calorimeter and 
its contents have given up heat in cooling. Thus 
Heat gained=latent heat taken in by ice at 0°C in melting 
heat required by the water formed in rising 
3 from 0°C to t°C 
=(mL-+mt)cal. 
Heat lost=Heat given up by calorimeter with contents in 
cooling from ty °C to t°C 
=(mysy +m. 1)(ty—t) cal. 
<. mL+mt=(m;sı+m)(tı—t) 


or g= stmt. valet =) s (cal) 
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Apparatus, Calorimeter with a net-covered stirrer; contains 
for calorimeter; thermometer (0°-50°C; preferably graduated be 
one-fifth ofa degree): small lumps of ice; blotting paper; water; 

ith weight box. 
THERMOMETER common balance wi g 


STIRRER [Directions for the experiment. 
= (WITH NET) 


(1) Weigh the dry, empty calorimeter 
BAE with stirrer (m, g). The specific heat sı 
may be had from the teacher. 


(2) Half fill the calorimeter with water 
and weigh it with the stirrer (m'i g). Mass 
of water taken=(m'; —m;) g=m g. Put 
the calorimeter in its container. 


> with a piece of blotting paper the water adhering 
to a lump of ice, ied ice into the calorimeter. 
See that no Water is spille 


5 - Press the ice under water 
with the net-covered sti 


stirrer (Fig. 4.2) and stir the water. Note the 
temperature of the water, i 


until the thermomet 


(6) Weigh the 
Melted js (m,"’ 


_ Observations, Specitic heat of the material of the calorimeter 
(given) =...Cal/g, °C ew point=---°q 
Ne: | Mass of | Mass of Mass of Initial | Mini. Mass of | Mass of 
bs, | empty Cal.+ Water temp. | mum Cal, + melted 
Obs. | ae + Stirrer+ initially | of temp. | stirrer ice 
Si YAA Water taken water | reached ++ water m=m," 
1 fa Ga ) (ti) by the +ice —m,’ 
om yA 
(m,’) 1 oe r’) 
Ceh.. Cati --8—. 
e AA paza ak 4 
Het | Jg CPs ReeeG | E 
“>. mg yA =..g Bee Decl =. g. 
FA <+ | m=. g 
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Calculation. 
Heat gained by ice =cal (mL 4-mt) 
Heat lost by calorimeter with contents ...cal (m5, + m2) 


(4—t) 


mL +mt=(mj,5,-+m2)(t) —1) 
asi imt) 
m 


or t =" cal/g 


Result. 
The latent heat of ice (Z) =" cal/g. 


Method followed. 

(1) The dry calorimeter with stirrer was weighed empty. The 
specific heat of its material was supplied by the teacher. 

(2) The calorimeter was half-filled with water and the mass 
of the water determined by weighing again. The calorimeter was 
then placed in its container. 


(3) The room temperature and dew point were ascertained from 
the laboratory. 

(4) Before adding ice the temperature of water was noted to 
tenths of a degree by eye-estimation. 

(5) Small lumps of ice were added to the water one by one after 
drying each with a piece of blotting paper. Each lump was 
melted under water with the help of the net-covered stirrer. Addition 
of ice was stopped when the temperature came down near the dew point. 

(6) The water was thoroughly stirred. The minimum tempera- 
ture reached by the thermometer was read to tenths of a degree using 
eye-estimation. 

(7) The mass of the ice added was determined by weighing the 
calorimeter again. 


Precautions. 


(1) Before a lump of ice was added, the water sticking to it was 
remoyed by soaking it with a piece of blotting paper. (Failing to 
do it will increase the apparent mass of-ice added. But the real mass 
of ice will be less. This will reduce the observed value of L.) 


(2) The minimum temperature was not allowed to reach the dew 
point. (If dew point is reached or exceeded, dew will be deposited 
on the calorimeter. The deposited dew will give its heat of condensa- 
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tion to the calorimeter. So the calorimeter will get an extra supply 
of heat. This cannot be taken into account. This will also reduce 
the value of L.) 

(3) “The water was carefully stirred al] along. 

(4) In teading the thermometer parallax error was avoided, 

[Special remarks, 


(1) Let the dew point at the time of the work be lower than the 
initial temperature of the calorimeter water by t’C°. The calorimeter 
is not allowed to cool below the dew point. Start the experiment by 
heating the calorimeter water t’ C° above the room temperature. In 
such a case, the calorimeter will lose as much heat to the outside when 
it is warmer as gain when it is cooler. The heat exchanges will nearly 
neutralized each other.) 

(2) The experiment ma 
rains. When humidity is hi 


temperature. The fall in temperature of water will be small, The 
mass of ice added will also 


be small. So the tisk of error in the result 
will increase further, 


The accepted value of the latent heat of fi usion 


Oral questions, (1) What is latent heat? 
Whose latent heat are you determining? 


(2) What is the principle of the method of mixtures ? 
(3) Define the calorie, 


of ice is 79.7 cal/g.] 


In what unit is it expressed? 


(6) What is dew point? What is the harm if ice cools the water below the 
dew point? 

(7) Why have you kept the calorimeter in its container ? 

Answers (1) See Section 4-3, 
ice. (2) See Section 4-1.2, 
the relation that heat Jost = 


above the room temperature 
it gains heat, 


Tam determining the latent heat of fusion of 
G) See Section 4-1.1. (4) We cannot then apply 


heat gained, (5) If the calorimeter temperature is 
it loses heat, If it is low 


(© The temperature at 
it, is called the dew point. See item 


CHAPTER 
5 SOUND 


5-1. Introductory remarks on ‘SOUND’ experiments. 

In connexion with sound experiments, it is conyeneint to have 
an elementary idea of (a) forced vibration, (6) resonance and 
(c) stationary (or standing) waves. 

(a) Forced vibration. When a pendulum is set into oscillation, 
it oscillates with a fixed frequency. When a clamped strip of 
steel is set into vibration, it vibrates with a fixed frequency characteristic 
ofits own. Oscillations or vibrations of a body which are not infiluenc- 
ed by outside factors are called natural or free vibrations and the 
frequency of vibration is called its natural frequency. 

If you tie a string to the pendulum bob and pull it periodically 
as you like, the pendulum cannot oscillate in its own natural way. 
Its oscillations are controlled by your periodic pulls. This kind of 
oscillation or vibration is called forced vibration. (Note that there 
is no particular difference between the words ‘oscillation’ and 
‘vibration’.) 

A body, free to oscillate in its own way, does so with a frequency 
characteristic of its own. These are ‘free’ vibrations. But if a periodic 
force of some other frequency makes it vibrate, it vibrates with 
the frequency of this ‘driving’ force. Such vibration is forced vibra- 
tion. In forced vibration, the amplitude of vibration is generally 
small (unless you apply a large driving force). 

(b) Resonance. When the frequency of the driving force is equal 
to the natural frequency of the driven body, the amplitude of vibration 
increases greatly. The driver transfers maximum energy to the driven 
body. You must have seen a child in a swing giving periodic impulses 
to it. If the impulses are properly timed, the swing acquires a large 
amplitude. It is a case of resonance. When the driving force has 
the same frequency as the natural frequency of a body, resonance is 
said to occur between them. 


(c) Stationary waves. The vibrations that occur in a medium 
whea two identical waves, moving from opposite directions, are super- 
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Posed (that is, fall on each other), 


are called stationary (or standing) 
waves. By ‘identical waves’ 


; We mean waves of the same ampia 
and frequency (and, of course, velocity). In stationary waves, you wil 


find that along the line of progress of the waves there are points at 
equal intervals at which there is no motion. Such points always remain 


at rest (stationary) and are known as nodes, Between two nodes the 
amplitude of vibration 


increases, 
nodes, 


Fif. 5.1 


(Pattern of stay 
Curved lines gives th 
amplitude.) 


nding waves. N=node, 


A=antinode. Distance between 
e range of motion of a parti 


cle of the medium, It is twice the 


5-1.1. The tuning fork. In all experiments on sound, the tuning 
fork is an essential instrument. It is a 


U-shaped bar of steel with an attached 
handle (Fig. 5.24). When struck on a 
pad of rubber or felt, it vibrates with a 
hich depends on 
f the fork). The 


= 
WAA 


High freguency forks are smaller in size. 
The nature of vibration of a fork has 
been shown in Fig. 5.2(b). Both of its 
arms (called prongs) move inward (posi- 
tion 1) or outward (position 2) at the same 
time. Low down each arm there is a 
Point (N) which never vibrates. It isa 
node. The bend between the nodes 


moves hae 
up and down as the fork vibrates, 


(7) 
This 
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can be understood from the figure. As a result of such movement 
of the bend, the handle of the fork also moves up and down as the 
fork vibrates. 

The up-and-down movement of the handle is very important 
for the action of the fork. When the handle of a vibrating fork 
is pressed on a wooden board, the board will be thrown into forced 
vibration by the fork. The frequency of vibration will be that of 
the fork. 

The fork itself is a feeble source of sound. You can see it 
for yourself by holding a vibrating fork by the handle. The fork 
stirs a small mass of air. Hence the feebleness of the sound. But 
when pressed on a board, the board causes a much larger mass of air 
to vibrate, Hence the sound becomes louder. But, as the fork expends 
energy at a faster rate, its vibrations die away quickly. 


Precaution in the use of a tuning fork, Never strike the fork 
on a table or on any hard body. It is best to use a pad of rubber or 
felt. Striking on a hard substance may cause a prong to break. 
Besides, when struck hard a fork gives an unwanted high-pitched sound 
which has a much higher frequency than the one marked on the fork. 


5-12. The Sonometer. Another yery useful instrument in 
sound experiments is the Sonometer. Its construction may be under- 
stood from Fig. 5.3. A of the figure is a hollow wooden box. A 


ERIDEE BRIDGE 
PEG B. B2 PULLEY 


HOLLOW WOODEN BOX 


Fig. 5.3 


steel wire is fixed to a peg at one end of the box. At the other end 
there is a pulley over which the wire passes. A hanger is attached to 
the free end of the wire. On this hanger you can place weights. This 
keeps the wire under tension. The wire rests on two movable bridges 
(By, Bz) on the box. 

The portion of the wire between the bridges can be made to vibrate 
by pulling it slightly to one side near its middle. A vibrating wire 
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the 
of length 7 and tension T gives out a note of fixed frequency. ie 
whole wire (between the bridges) vibrates in one segment and its 

per unit length is m, then the frequency 7 is given by 


1 = 


bridges to the wire, 
first. But when its fri 


(ii) By counting ‘beats’, 
frequencies are sound 
and fall in loudaess, 


When two notes 
ed together, the Sound hear 
Bach tise-and-fall is called a p 
Of beats Ossurriag per Second is equal to the di 
Of the two notes. Occurrence of 5 or 6 
Cognized even by an Untrained ear. 
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Try to detect beats between the fork and the wire by vibrating 
them together. For this you have to adjust a bridge slowly 
by trial. Then adjust the bridge further till the beats fall in number 
and finally disappear. 


5-2.1. Experiment 20 


To determine the frequency of a tuning fork using a Sonometer and 
other forks of known frequency 


Theory. Let a piece of wire of variable length / vibrate in one 
segment under a fixed tension. Then the relation between / and its 
frequency of vibration 7 is nx/=constant. Suppose we have several 
forks of known frequencies 74, 7273, etc. Ifh, h, l, etc. be the lengths 
of a sonometer wire under fixed tension which resonante with the 
forks respectively, then 

mlı=mlh =n; etc.—k (say). 

If a length 7 of the wire resonates with a fork of unknown 

frequency n, then n /=k. - Thus n may be determined. 


[n vs. 1/1 graph, or log n vs. log / graph is a {straight line. The unknown 
frequency can be determined from any of these graphs. The graph n vs. / is a re- 
ctangular hyperbola. It is not suitable for determination of an unknown n]. 


Apparatus. Five forks of known frequency (256, 320, 384, 426, 
512 cps are suitable values. Such sets are commercially available); 
the fork of unknown frequency; sonometer; a set of 3 kg weights (for 
applying tension); thick rubber pad. 

The Sonometer has been described in Section 5-12.] 


[Directions for the experiment. 
(1) Place the bridges of the Sonometer about 80 cm from each 
other. 


(2) Take the fork of the lowest frequency. Increase the tension 
in the wire till the pitches of the fork and of the wire between the 
bridges appear closest. 

(3) Tune the wire by moving one (or both) of the bridges till 
resonance with the fork occurs (See Section 5-1.2). 

(4) Note the frequency n of the fork and the resonating length 
l (cm) of the wire. [Frequency is expressed in cps (cycles per second) 
or Hz(hertz) unit.]. Distrurb the bridge and take another reading 
with the same fork. 
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ep the tension T unchan; 


(5) Ke ged. Find the resonating lengths 
for the other forks and note the corre 


sponding frequencies and lengths.] 
Observations and Calculations, 


n (cps or Hz) 


| | 
ees B21 | 
Mean | (cm) Fi | 
1/1 (m=) | 


ua 


mals up to three Significant digits.) 
Plot n along the x-i 


axis and 1/7 along the y-axis. The graph should 
[be a straight line (Fig. 5.4). 
j ‘033, 
p 1031 
Sa 


fork of unknown frequency. Find 


value. Note 
The frequency re- 


the value of the x- 


Result. From t nknown frequency 
to be determined = “cps. (or Hz), 


resonating length for the 


For this purpose, we may tabulate as follows.] 
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Observations and Calculations. 


n (cps) 


l (cm) Q 


Mean / (cm) l | 


nzi 


The average value of n x=: (cps xcm) 
l for the unknown freguency— “cm 


Result. 


ah cm 
The unknown frequency is, therefore, =— e =<" 
=""'cps, 
[This method of calculation does not require a graph to be drawn. 
‘The result can be retained up to three significant digits. Unless the 


graph paper is large, it cannot give a result up to three significant digits.] 
Method followed, 


(1) The bridges of the Sonometer were placed about 80 cm from 
each other. 

(2) The tension in the wire was gradually increased till the pitch 
of the wire came closest to that of the fork. 

(3) The tension was kept fixed at this value. One of the bridges 
was then slowly moved till resonance occurred between the wire and 
the fork. The resonating length and the frequency of the fork were 
noted. 


(4) Operation (3) was repeated for all the forks including the one 
of unknown frequency, 


Precaution. 

The forks were always struck on the rubber pad. 
[Instructions for drawing the n v. 1/7 graph. 
Suppose the values of n, J, and 1/7 are as follows: 


A 256 320 | 384 | 426 [ 512 
I 62.8 50.2 | 41.8 37.7 31.4 
YI 0.0159 0.0199 | 0.0239 0.0265 0.0318 
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Let us assume that the available graph paper has 60 small squares 
along one axis and 70 along the other. n varies from 256 to 512. So, 
one axis of the graph must represent at least (512—256)=256 frequency 
units (cps or Hz). IJI varies from 0.0159 to 0.0318. So, the other 

i at least (0.0318—0.0159)=0.0159 units (of cm7?). 
We can plot n along the axis which has 70 divisions 
Let each division represent 4 units of n. Then we can plot 4x70= 
280 n-units along this axis. This is enough for our purpose, for we 
need to plot only 256 n-units, If we take the lowest division mark 
on this axis to represent 250 of 7; We can go up to 250-+280=530 ofn 
along this axis, Certainly, this is enough for the purpose. 


Along the other axis, 60 divisions should Cover 0.0159 units. If 
we take 1 div, =0.003 unit, we can 


(small squares). 


graph paper, Units are 
The graph so drawn is shown in Fig. 5.4, 


Remarks, To find n from an n 


-l graph will be less accurate than 
doing so from an n-1/l graph. Th 


e latter is a Straight line and easy 
ng far away) from the true value. 
rectangular hyperbola. In drawing 
greater than for a straight line. 


crease or decrease? 
Answers, (1) See Section 5-1.1. 

forced vibration by the up-and-down Motion of t 

vibrations are transmitted through the bridges to the wire (see Paragraph following 


item (i) under Section 5-1.2). (3) See Section 5-1.2, (4) See the fourth paragraph 
of Section 5-1.1, (5) From Eg. 5-1.1., it can be seen that when nis constant, 
Must be increased if T increases. 


aN 


(2) The sonometer board is thrown into 


he handle of the fork. These 
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5-2.2. Experiment 21 


To determine the frequency of a fork using a Sonometer (and, no 
‘other fork 


Theory. Let n (cps or Hz) be the frequency of vibration of 4 a 
of length | cm and mass m per centimetre under a tension of T dynes. 
These quantities are related by the equation 


n= T 
21 m ai 
Measuring /, T and m, we can calculate n. If this wire is in re- 
Sonance with the given fork, then n is also the frequency of the fork. 


Apparatus. Sonometer; a set of 3kg weights; the experimental 
fork; chemical balance with weigh box; rubber pad. 


[For construction and action of a sonometer See Section 5-1.2.] 
[Directions for the experiment. 
(1) Apply at first a ten: 


sion of 2 kg-wt to the sonometer wire. 

(2) Moye one of the bridges to bring the pitch of the wire (between 

` the bridges) as close as Possible to that of the fork. Then tune the 
wire to resonance (Sec. 5 


-1.2.). (If 7 is less than 25 cm, increase the 
tension and tune again.) 


(3) Note the resonating length (/ cm) and the total weight (W g- 


wt) 
that causes the tension. 


W should include the weight of the hanger. ` 

(4) Disturb the tuning by moving one of the bridges. Tune 

again. Note / three times in this way. ,W should remain the same. 
(5) Ask for a sam: 


ple of wire from the laboratory which is the 
Same as the sonometer wire. Measure its length Z (cm). Find the 
mass M of this sample accurat 


ely on a chemical balance. (Weigh to 
to the nearest milligram.) 
Observations. ; 
Mass of the hanger ( w)=..g 
Length of | Mean Mass of the M | Tensin Resonat- | M; 
the Sample length sample wire Mire of the ing leng] resonating 
wire L M string | length (7) 
=*W x 980) 
cm cm g g/cm. dynes cm | èm 
om. (bet @ 
(ii) + 8+(..4 (ii) 
(iit) . sf. mg 
=.:8 Gii) 


* W=(w+w’); w 


=weight on the hanger. 
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Calculations, 
Mean value of /=---cm. 
T=W x980 dyn=*"dyn, 


J —=""cps. 


Result. The frequency of the fork (=n)=: 


Oral questions and Answers, 
(As in Experiment 20) 


“cps. 


5-3. Resonance tube. 


A resonance tube 


here means a glass tube of diameter about 5 cm- 
One end of the 


tube is 
closed by water, The length 
of the air column in the 


tube above the water level 
may be increased or decreas- 


ed by raising or lowering 
the tube or the water re- 
Servoir. The 


mechanical 
arrangement may be of two 


Kinds shown in Figs. 5.5(a) 
and 5.5(5). 


In Fig, 5.5(a) AB is the 
glass tube, V is a deep vessel 
Containing water and F is a 
fork of known frequency, 
The length of the air column in the tube 
or lowering AB. This length can be mea: 

In Fig. 5.5(b), AB 
long. Its lower end 


can be altered by raising 
Sured with a metre scale. 
is a wide diameter glass tube, about one metre 
B is narrow. B is connected by a rubber 
voir R. R may be raised or lowered at will 
desired level. A metre scale, placed close to 


gth of the air column. The zero of the scale 


coincides with the upper end of AB, 
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5-3.1, Action of the resonance tube. Hold a vibrating fork over 
the open end of the tube. Sound waves 


entering the tube will be reflected from the mk 
water at the lower end. This causes | 
Superposition of two identical waves moving ; 
in opposite directions in the tube. As a 
result stationary waves are formed in the dy 
tube (See Section 5-1c). At the water level 


C, the air particles cannot vibrate. Soa 
node is always formed at C. The air 
Particles at the open end A are perfectly 
free to move. So an antinode will be 
formed at A. The Shortest distance be- 
tween a node and its nearest antinode is 
A/4 (Section 5-1). If, therefore, the length 
lof the air column is \/4 (A=wavelength of the waves produced by the 
fork in the tube), there will be resonance between the waves and the 


tube, and a loud Sound will be emitted. For this reason the tube is 
called a ‘resonance tube’, 


In the 


e------—- 
i 


arrangement of Fig. 5.5(b), 


the first resonance occurs when 
4/4. A second resonance occurs n 


ear a length / equal to about 3h. 
Condition for it is Approximately ,=3,/4, 


= 
The 


When the air column AC vibrates, the 
tly at A, but a little away from it. Lord 
S distance to be e=0.3d where d is the 


In Fig. 5.5(a), A/4=h-+-e and in Fig. 5.6(b), 
The distance ¢ is called th End correc- 
tion can be eliminated by usin tube. This 


Tequires a longer tube, fore suitable 
for elimination of end correction, 


5-4. Experiment 22 


To determine the velocity of sound in air with a resonance tube 
(By elimination of end correction.) 
Theory. If the firs; 


t resonance occurs at a len 
tube (Fig. 5.62) we ha 


gth h of a resonance 
ve he. A is the wav 


€ length of the Waves 
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emitted by the vibrating fork and e is the end correction. Calculation 
shows that e=0.3d where dis the diameter of the tube. If the frequency 
of the fork is n, then the velocity of sound in the tube=v=na. 


The end correction can be eliminated. If the resonance tube is 
sufficiently long, a second resonance occurs at a length\/, about equal 
to 3l;. The exact relation is h+-e=3A/4. 

(h+e)—(h+e)=3A/4—/4 
or h—h=)/2 
Y=nA=2n(—h). 


Apparatus, Resonance 


high frequency forks (say, 


tubber pad; thermometer. 


tube with accessories (Fig. 5.5a, b); Bie 
of 480 and 512 cps); water; metre scale; 


(Description of the apparatus has been given in Section 5-3.) 
[Directions for the experiment. 


(1) Arrange the apparatus which you get (Fig, 5.5a or 5.5). 


(2) Start by having the water level n 
Tesonance tube. 


of the tube, 
as often as n 


ear the upper end of the 
Take the fork, vibrate it and hold it near the mouth 
Maintain the vibrations by striking the fork on the pad 
ecessary, Go on slowly increasing the length of the ait 
column. (Raise the tube if your apparatus is like Fig. 5.5a or lowe! 
the reservoir if it is like Fig. 5.50.) 

(3) Listen carefully and note when sound from the tube 
begins to be loud, Adjust the length for maximum loudness and note 
the length 1, of the air column. Disturb the length and measure l 
again. 


(4) Look for the second resonance at a tube length of about 3h: 
Find the exact value of h an 


d measure it twice. Note the frequency 
“Of the fork used. 


(5) Repeat Operations (2), (3) and (4) for the second fork. 
(6) Note the temperature of the room or of the water in the tube. 


(7) If you are given only one fork, measure lı, l at least thrice each. 
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Observations and Calculations 


ity of 
N : of | Frequency First Mean Second a Nya amie 
aes of the fork | resonant l e b aah 
n(cps or Hz) | length h cm. el sth 2 NAA 
cm. 
Gi sais 
GE cece M 
i Gil) sie 
yA 
Shs 
ete, 


i 


ater)=""-°C (°C) 
ems at.. 26. 


Room temperature (or temperature of w. 
Result. The mean value of v= 


ree digits are significant. 
the value in m/s.) 


Method followed, 


resonance tube. The 
value, 


exact tube length l maximum resonance was c: 
and measured, The | 


as increased to about 3/,, and 
When this was obtained, 
was slightly disturbed and 


2 Was carefully meas 
l, determined again, 


(4) Thef requene 


) y of the fork used was noted, 
(5) The same op 


eration: 


e first resonant length, the length of 


eased from a very low value. (2) The 
be high, otherwise the 2nd 
8 
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s on. - ut 
[Remarks. (i) The velocity of sound in dry air at 30°C is ae 
350 m/s. The velocity depends a little on the amount of moisture A 
the air. In moist air sound travels faster. The velocity also increas' 
with increase in temperature. So in different Seasons in our country, 


It does not change with pressure. 


(i) In our resonance tube the value would be around 350 m/s- 
The air in the tube is saturated with moisture. If we knew the vane 
Pressure of water in the tube and the atmospheric pressure, we coul 
calculate the value in dry air at the temperature of the peim 
The value could finally be reduced to that at 0°C, But this is no pat 
of our present work. 


(iii) For a fork of n=256 eps, 1, would be about 350/(4 256) m 


: e 
or about 34—35 cm. A resonance tube of length 1 metre will not b 


t 
long enough for the second resonance. With n=512 cps the firs 
Tesonance will occur around 17—18 cm. 


e 
So we can expect to get th 
Second resonance only with a high fregue 


ney fork, 


slowly change the tubelength. Low freq 
heavier arms, Their vibrations last Jon 


(v) The loudness 


uency forks have longer a” 
ger. 


5 n 
of the sound at second resonance is lower tha 4 
that at the first, Here resonance Occurs between the fork and the thir 


harmonic of the air column. (The third harmonic has a frequency 
thrice that of the fundamental.)] 


Oral- questions, (1) Which is the Tesonance tube? Why is it so called? 
(2) What is resona 


p 7 y e 
nce? Which are the resonating bodies? Which are th 
resonating frequencies? 


Answers. (1) The long tube of wid 
air column it contains. 


; e 
e bore. Because resonance occurs with th 
fork and the air column, 


(2) See Section 5-1(b), The resonating bodies are ue 
The resonating frequencies are that of the fork and 
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natural freguency of the air column. (3) See Section 5-1(c). (4) and (5)—See 
Section 5-3.1. (6) See item (i) under 


‘Remarks’ above. (7) A heavy fork is 
Preferable because its vibrations are louder and last longer. See items (iii), (iv) and 
(v) under ‘Remarks’, 


5-5. Experiment 23 


To Determine the fre 


quency of a tuning fork by its resonance with 
air column velocity of sı 


ound being supplied. 


Theory, Same as expt. 22. In the last column write 


V 
2(h—-h) 


Apparatus, Same as expt. 22. 


n= 


[Directions for experiment. Same as expt. 22. Leave item nos. (5) 
and (7) and last line of item no. 4] 


Observation and Calculations 


velocity of sound at room temperature--°C= “cm/s (given) 
First resonant Mean 7 Second resonant 
length 7; in cm, | i 


Mean Jp Frequency of the 
in cm, length 2 in cm, | in cm. given fork 
Vv 
te 
%b—h) 
siaal 
a e 
Result. 


The frequency of the given fork=--- 
Method followed, Same as ex 


Precautions, 


Pt. 22. Leave 
Same as expt. 22. 


item nos, (4) and (5). 
For oral questions and ANSwers see expt. 22. 


CHAPTER 


MAGNETISM 
6 


; e 
6-1.1. Introductory remarks on MAGNETISM experiments. W 


rt 
should know the meanings ofa few related terms before we sta 
work. 


> T 
(a) Poles. The regions, near the ends, where the attractive pow? 


. aae we 
is strongest are known as the poles of the magnet. For Simplicity 
treat them as points. 


s A t 
(5) Magnetic field. A region in which a magnetic force 1S fel 
is called a magnetic field. 


pi 5 e 

(c) Magnetic field strength or Magnetic intensity. The forg 

in dynes which a unit north pole experiences at a point in a masra 
field is called the strength or intensity of the magnetic field at that point. 


The direction in which this force acts is called the direction of the field 
at the point. 


(d) Magnetic lines of force. We can define it in two ways, both 
of which mean the same thing. 


(i) A line of force in a magnetic field 

is a line the tangent to which at any point gives the direction of the field 
at that point. (ii) A line of force in a magnetic field is the path whic? 
an inertialess, free, north magnetic pole would follow if released in the 
field. An inertialess, free pole is an object of imagination, 
When a small compass needle is placed in a magnetic field it sets 
itself tangentially to the line of force at the place, Its north pole 
tends to move forward along the line of force. The south pole tends 
to move in the opposite direction. Under the action of these two 
forces the compass needle sets itself along the line of force if it is short 
enough. If the lines are curved, the needle sets itself tangentially to 
the line through its centre, This Property of the needle is the basis for 
drawing lines of force. The direction in which the north pole ofa 
Magnetic needle points i 


n a magnetic field is the direction of the field 
or of the line of force at the point, 


Whenever you draw a line of force 
Put an arrowhead on the line to indicate its direction, 


(e) Lines of force of the earth’s magnetic field, The earth itself 
is a huge magnet. There is a field both inside and outside it. The 
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field is directed from south to north. The lines point from south to 
north, for the north pole of a magnet always points towards the north. 
When you draw lines of force of the earth's magnetic field, the arrow- 
heads must point towards the north. Remember this. The lines of 
force of the earth’s field in a region free from magnetic matter 
are parallel to one another. But if a magnet is placed in such a region, 
the lines are distorted by the field of the magnet. The lines that we get 
in such a case are the lines of the field formed by the superposition of 
the magnet’s field on the uniform field of the earth at the place. 

_ (P Magnetic axis, The line joining the two poles of a magnet 
is called its magnetic axis. 


(g) Magnetic meridian. The vertical plane through the axis of 
a freely suspended magnet is called the magnetic meridian at the place. 


i 61:2. Plotting Compass. A plotting compass (Fig. 6.1) has a 
short pivoted magnetic needle which is free to rotate in a hori- 
zontal plane. It is enclosed in a non- 


AIN case and has a glass cover. 2 dotouene ric 
i z CA 

n convenient to have the sides also z PIvoT 

made of glass. The ends of the needle z SAED 


are pointed. The north end is generally 
coloured. The line joining the two ends Fig 6.1 
is taken as the magnetic axis of the needle. 


In a magnetic field, the needle will set itself tangential to the local line 
of force, 


6-2. Experiment 24 
To locate the poles of a given bar magnet 


7 Theory. The regions, near the ends, where the attractive power 
is strongest are known as the poles of the magnet. For simplicity we 
treat them as points. The distance between the poles is called 
magnetic length. Since the pole are not situated at the ends, the 
magnetic length is less than the length of the magnet. The ratio of the 
magnetic length to the length of the magnet is nearly constant and its 


} j y magnetic length > —9.g5 
value is Be 0°85. So we can write, jength of the magnet 0:8 


Apparatus. A powerful long bar magnet; 2 small compass needle, 
. 
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a long thread; two long, hard brass pins; drawing board; four drawing 
pins and a piece of paper. 


[Directions for experiment: 


(1) Remove all the magnetic substances from the table. Near the 
table there should not be any magnetic substance. 

(2) Fix the paper on the drawin 
magnetic compass on the Paper. Aft 
north-south directions, 


g board by pins and place the 


thread. The vertical Plane in which the thread lie is the magnetic 
meridian, 


Fig. 6.2 


Fig. 6.3 

(8) Remove the need] 
paper. Draw outline of 
needle very near to its no 
axis of the needle becom 


e and place the magnet in the middle of the 
the magnet by a pencil. Now place the 
rth end. Slowly move the board until the 
e parallel to the thread (Fig. 6.3). 


(5) Remove the needle and place it in another position of the same 
end. Rotate the board until the thread just come parallel to the axis 
of the needle, at the ends of the needle by 
pencil. > 13’ at different position. 


points and extend the line towards the 
magnet. They will meet at 


a point inside the magnet. This point is 
one of the poles. Similarly 


join the other three pair each at the other 
Ee "i 
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end and find the pole at the other end. [Choose the points in one 
a way that there is a symmetry. Take two pairs at the corners an 
one on the axis.] Ascertain the 
Poles and give arrow in the 
Proper direction. 

(8) Measure the length of 
the magnet and magnetic length 
thrice and find the ratio of 
magetic length and length of the 
magnet, It will be nearly 0°85.] 


Fig. 6.4 
Observations and Calculations 
No. of Length of the | Mean Magnetic Mean | Value of 
Obs. magnet in cm. | length L length in cm. Magnetic | VL 
length | | 
1. JM ; | 
2, ee “žr. CM. - cm, | 
3. | | 
aA TL 
Result, 


The ratio of the magnetic length to the length of the given 
“Magnet=-- 


Method followed. 


(1) Removing all the magnetic substances from the table, the 
Paper was fixed on the drawing board. 
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ir of 
(5) The same procedure were adopted to find the three pair 
points at the other end. 


r- 
(1) The magnetic length and the length of the magnet were measu! 
by a metre scale thrice and their ratio determined. 


Precautions, 


ed 


e e 
(1) The bar magnet should be long. The induction of one po! 
will not affect the other pole if the magnet 


(2) Ifthe Magnet is thick and short the li 


(3) The lines of force are Straight nea: 
a distance. So the needle should be placed 


is a long one. 
ne will not meet at a point. 


t 
T the magnet and bends 4 
very near the magnet. 


6-3.1. Experiment 25 


Mapping the lines 


of force of a bar magnet, 
north and to locate tl 


the north pole pointing 
he neutral points 


The lines of force of the combined field 
ing compass. The new pattern of the lines 
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Apparatus, Drawing board; a large sheet of drawing paper; 
four. brass drawing pins (the board or the pins must not have any 
iron nails); a weak, 
permanent bar magnet 
(with the north pole 
marked); a plotting 
compass. 


MAGNETIC NORTH 


[Directions for the 
experiment. 


(1) Fix the drawing 
paper on the drawing 
board. Draw a line ab 
(Fig. 6.4) along the 
middle of the paper. Fig. 6.4 


(2) Place the compass on the line. Turn the drawing board till 
the line is parallel to the magnetic axis of the needle. Check the 
parallelism as best as you can by shifting the needle from one end of 
the line to the other. When they are parallel, the line marks the magnetic 
north-and-south, (The line will be in the magnetic meridian.) 


[If a long magnetic needle is available, it can be used with greater 
profit to bring the line ab in the magnetic meridian.]. 


(3) Mark the boundary of the drawing board on the table with 
a piece of chalk. If the board is accidentally displaced you can restore 


it to its correct position. The line ab will then be back to the magnetic 


meridian. 


Place the bar magnet on the line ab 


(4) Remove the compass. gne 
“ near the middle of the paper with its north pole pointing north, Take 
its axis. See that this 


the longitudinal middle line of the magnet as 1 
line lies above the line ab. 
ith a sharp pencil. (in 


(5) Draw the boundry of the magnet W 
1 displaced in any way.) 


doing so, see that the magnet or the board is no 
(6) Keep the compass near (but not too near) the north ae 
the magnet. Mark the positions of the two ends of the needle 


by two sharp dots A and B (Fig. 6.5). 
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(7) Move the compass so that the south end of the needle is 
over B (where the north end previously was). Lightly tap the 
compass to make sure 


OCE that the needle has not 
oe? NA (O) got stuck. Mark the 


© 

3 om ® position C of the north 
B 
A 


Q © end of the needle, 


[NS] (8) Move the compass 


Fig. 6.5 in this way. At each 
step, mark the new position - 
of the north end of the needle. Go on in this way till you reach the 
end of the paper or a position near the south end of the magnet. Join 
the points by a continuous smooth line. You have drawn a line of 
force. 

(9) Start from some other point (Fig. 6.5) near the north pole. 
Draw the line of force through it in the same way (that is, as described 
in (6), (7) and (8) above.) 

(10) In this way draw at least four lines of force from near the 
north end, and another four from Near the south end. 


(Do so from 
Similar points near the two ends). 


(11) Slowly move the compass along a line perpendicular to the 
axis of the bar magnet through its middle point. After you have 
gone some distance you will find that the compass needle suddenly 
Swings through 180°. A little before this position has been reached 
you will find a position along the perpendicular line where the needle 
shows no directional effort. It does not tend to tun in any particular 
direction and remains in any position in which you keep it. The 
central position of the small region over which this occurs is called the 
neutral point. Here the earth’s horizontal field has been neutralized 
by that of the magnet. There being ro magnetic field, the needle . 
Shows no tendency to turn, Find the position of the neutral point 
carefully and mark it with a cross. On the other side of the magnet 
there will be another neutral point at the same distance. Find and 
mark that one also with a cross (Fig. 6.4). 


(12) On the eastern and western sides of each neutral point the 
compass needle points in Opposite directions, Draw at least one 
line of force on each side (east and west) of each neutral point. (Four 


lines for the two neutral points.) Note that each pair of lines has 
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opposite directions. The outer one is from south to north; the inner 


one is from north to south. 

[To get a symmetrical pattern, you may follow the suggestion in 
italics under ‘Remarks’ which follows.] i 

(13) Mark the directions of all the lines of force you draw. Try 
to draw as many of them as time would permit. Select symmetrical 
positions to draw them. When there are enough lines the pattern 
looks as in Fig. 6.4.) 

Result. The pattern of the lines of force of a bar magnet wW. 
its north pole pointing north has been shown on the attached sheet. 


ith 


/ Method followed. 

d) The drawing paper was fixed to the drawing board with non- 
magnetic pins. A straight line ab was drawn down the middle of the 
paper. The needle was placed on the line, The board was turned 
until the line ab become parallel to the needle, ab was then in 
the magnetic meridian. 

(2) The boundary of the board» was marked on the table with a 
piece of chalk. This would enable restoring the line ab to the magnetic 
meridian if the board was accidentally displaced. 

(3) The bar magnet was placed in the middle of the paper with 
its north pole pointing north and its axis (the longitudinal middle line) 
on the line ab. ` 

(4) The boundary of the magnet was marked on the paper with 
a sharp pencil. This would enable restoring the magnet to its right 


position if by any chance it was displaced. 


(5) A number of lines of force were drawn from near each end 


of the magnet with the help of the compass needle. A 
line perpendicular to the 
he magnet till the neutral 
wn on opposite sides of 


(6) The compass was moved along the 
magnet axis passing through the centre of i 
point was reached. Lines of force were dra 
each of the two neutral points. 


Precautions. 
(1) There should be no magnetic 
electric current near the working table. 


being mapped. 


material, other magnet or strong 
It would disturb the field 
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(2) After the magnet has been placed in the magnetic meridian, 
it must not be disturbed. Though boundaries have been drawn,. 
resetting may not be exact. 


Remarks, If the line ab is not exactly in the magnetic merdian,, 
the pattern will not be as symmetrical as shown in Fig. 6.4. This 
applies also to the next experiment (Fig. 6.6). 


To give your Pattern an elegant and symmetrical look, mark equidi- 
stant points along the perpendicular line (through the centre of the 
magnet). These may be 2 cm apart. Draw lines of force through them. 


Oral questions. (1) Whose magnetic field are you drawing? 

(2) How can a line of force be drawn with the help of a compass needle? 

(3) Explain the terms Zines of force, magnetic meridian, magnetic axis. 

(4) What is meant by the ‘direction of a line of force’? How is it shown? 

(5) What is the direction of a line of force of the earth’s field? 

(© What is a neutral point? In which d 
at a neutral point? 


(7) Why have you been advised to use a ‘weak’ bar magnet? 


irection does a compass needle point. 


Ans. (1) The combined field of the magnet and the earth. (The field 
of the bar magnet as modified by the earth’s field.) (2) See items (6) (7) and 
(8) under ‘Directions for the experiment’. (3) See items (d), (f) and (g) of Section 
6-1.1.(4) and (5) See items (d) and (e) of Section 6-1.(6) When two Magnetic fields 
are superposed the intensity of one of the fields may be equal and opposite to that of 
the other at a point. Such a point is called a neutral Point. Since there is no 
resultant magnetic field at the point, a small magnetic needle will have no tendency to 
turn in any particular direction at the point. It will stay in whatever direction it 
is kept. (7) If the bar magnet were strong, the neutral points might lie outside the 
Paper. In that case their positions cannot be determined and shown. An im- 
Portant characteristic of the combined field will remain unrepresented. 


6-3.2. Experiment 26 


Mapping the lines of force of a bar magnet, 


north pole pointing 
South and to locate the neutral points, 


Theory, Apparatus, Directions for the experiment are the same as 


for the last experiment, except that the bar Magnet must be placed 
with its north pole pointing south. 
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The pattern of the lines of force will be as shown in Fig. 6.6. 

‘ ‘The neutral points will lie on the magnetic axis. These may be 
MAGNETIC NORTH 


Fig. 6.6 


ong the magnetic axis. Past 


| determined by moving the compass al 
the opposite direction. 


the neutral point the needle will swing in 


See also the ‘Remarks’ in the last experiment. 


Oral questions and Answers are as in the last experiment. 
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7-1. Introductory remarks on ELECTRICAL experiments. 


In all experiments on current electricity you will build an ‘electric 
circuit’. An electric circuit is a closed, conducting path through which 
an electric current can flow. So far as we are concerned here, an 
electrical circuit will have the following essential components: 


(i) An electric cell or a battery. Tt is the source of electric power 
and supplies electrical energy to the circuit. 


(ii) One or more resistors in series or parallel (or partly in series 
and partly in parallel). They control the magnitude of the current. 

(iii) Key or Keys. They close or open the circuit (that is, start 
or stop the current flow). There are keys for reversing the direction 
of current through a part or whole of the external circuit. External 
circuit means the part of the circuit outside the cell or battery. 


(iv) Various measuring instruments. 


Circuit diagram. An electric circuit is always represented by a 
line diagram, called the circuit diagram. Tn it, the different comp- 
ponents are represented by symbols which are well known, 

Our first task will be to get a working acquaintance 
components of a circuit and the symbols b 
as well as the components themselves. - 


with the essential 
y which they are represented, 


7-2, The electric cell. Its symbol has been shown in Fig. 7.1 
The longer vertical line is the positive terminal of the cell, 
and thicker one is the negative one, 
ing wires by which the cell is connec 
of the circuit. The lines are treated a: 


{a). 
The shorter 
The side lines represent conduct- 
ted to other electrical componets 
s having no resistance, 
In the laboratory you may use three kinds of cells namely, (i) the 
Daniell cell, (ii) the Leclanchè cell and (iti) the lead-acid storage cell. 
lls; the last one is a Secondary cell (or accu- 
mulator), In both kinds of cells, chemical energy is transform- 
ed into electrical energy. When one of the TWA reactants 


Eae WA 
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(the cathode or the electrolyte) is exhausted, a primary cell will no 
longer work. But a secondary cell can be revived by sending an opposite 
current through it (opposite in direction to the current the cell itself 
gives). The old reactants are formed again. 


Brief descriptions of the cells are given below. 


(i) The Daniell cell. Fig. 7.1(b) shows its construction. Its emf 
(electromotive force) may be taken as. 1.08 volts. The internal re- 
sistance of the cell is a few ohms, and depends upon the size and 
construction. It can give a weak, practically constant current for a 
long time. After the work is over it is besi to dismantle the cell. At 
least remove the zine rod and along with itthe porous pot. The zinc 


terminal is negative. 


ZZ 
ZA 


(a) (b) (© 
[Symbol of a cell] Daniell cell Leclanche’ cell 
[PP=Porous pot 


[ZR=Zinc rod 
‘SA=Light sulphuric acid CR=Carbon vod 
or zine sulphate MX=Mixture of MnOz 
solution and carbon powder 
PP=Porous pot S=NH,CI solution 


CS=Saturated copper ZR=Zinc rod 
sulphate solution GV=Glass vessel] 


CV=Copper vessel) 


(ii) The Leclanche’ cell. Fig. 7.1(c) shows its construction. 
emf is about 1.45 volts and the internal resistance is a few ohms. In 
delivering a continuous current, its voltage slowly falls and the 
current diminishes. The fall is quicker the stronger the current. 
The reason lies in the inability of MnO; in reducing polarization at 
once; it takes a little time. So the cell is suitable for the kinds of work 


Its 
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which require a current for short durations. It can be used with the 
metre bridge or the P.O. box. A prepared cell can be kept for a long 
time without damage. The zinc terminal is negative. 

(iii) The lead-acid storage cell (or lead accumulator). As we have 
said earlier, it is a secondary cell. Its positive and negative 
terminals are respectively marked+ and—. In some cases the positive 
terminal is coloured red and the negative terminal black. The emf is 
usually taken as 2 volts. The cell has a very low internal reistance. 
So, if itis ‘short circuited’ (‘that is, if the two terminals are connected 
together by a very low resistance) a very large current will flow through 
the cell. This will damage the cell beyond repair. You must, there- 


fore, always keep a resistance of at least one or two ohms in series with 
it in the external circuit. 


7-2.1. Arrangement of similar cells to form a battery. A battery 
is a combination or cells. The combination is usually either of 
t+ + + two kinds, namely, (i) 


series 
-|-|- = combination or (ii) -parallel com- 
— H Hi li bination. (Fig. 7.2). 
(a) 


(i) Cells in series, If the 
be emf of each cell is Æ volts and 
the internal resistance of each is 
r ohms, then with n cells in Series, 
7 the 

emf of the battery=nE volts, and 
internal resistance=nr ohms, 


(ii) Cells in parallel. If the 


heh emf of each of the n cells in parallel 
U) (Fig. 7.2b) is E volts and the 
internal resistance is + ohms each, 

Fig. 7.2 (a=Symbol of series then 


combination of cells; b—parallei 


emf of the battery=F volts; 
combination) 


internal resistance=r/n ohms. 
When we require a higher voltage in a circuit than a single cell can 
give, we use cells in series. When we want a higher current than one 
cell is capable of givin g, we use cells in parallel. 


7-3, Different kinds of Keys. 


A ‘Key’ is a simple device by means 
of which the current in a circuit 


can be established or discontinued 
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at will. (It can be compared with the ‘switch’ in a household circuit.) 
There are also ‘reversing keys’ which reverse the current in the circuit 


or in a part thereof. 


(i) Plug Key. Fig. 7.3(a) shows its symbol and Fig. 7.3(b), its 
construction. The actual key consists of two brass pieces (B) separat- 


ed by a small gap and fixed on —_(} 
a nonconducting base (N). Each (a) 

piece has a binding screw T Í 

attached to it. The circuit is 
severed somewhere and the two 
ends of it are connected to these 
two binding screws. Between the 
two brass blocks there is a taper- 
ing socket S. A brass plug P of 
the same size fits into the socket. 
When the plug is put in the 
socket the circuit is completed 
and current flows. When. it is 
taken out, the circuit is broken and the current stops. When you 


insert or take out the plug, give it a little twist. 


(CD) 
Fig. 7.3 (a—Symbol of plug key; 
- h=construction of plug key) 


(ii) Tapping Key. Fig. 7.4 (a) shows the symbol and Fig. 


7.4 (b) the construction of a tapping key. It has two binding 
screws A and C fixed upon a nonconduct- 


A ing base N, and also a metal stud B. B 
(a) and C are connected by an insulated wire 
underneath the base. A has a springy 


metal strip S attached to it. At the other 
end of S there is a nonconducting stud K 
above it, and a metal one below it. Two 
sides of the circuit are connected to A and 
C. When K is pressed A and C are 
2) metallically connected and current flows 
Fig. 7.4. (a=Symboland through the circuit: As soon as K is 
.b=structure of tapping key) released the circuit breaks. ý 
in a circuit which should remain 
be closed occasionally. 


The tapping key is suitable for use 
open most of the time, and require to 


9 
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(iii) Reversing Key. Fig. 7.5 (a) shows the symbol of a 
reversing key. In Fig. 7.5 (6) a very common form of such key 
is shown. (There are various forms.) In it, four thick pieces of 

brass are fixed on a nonconducting base, 

each a little separated from the others, as 

in a plug key. Each block has a binding 

screw. Between any two neighbouring 

(a) blocks there is a conical socket, and two 
plugs to fit into sockets. The positive 
(+) and negative (—) terminals of the 
battery are joined to any pair of diago- 
nally opposite screws (B+, B—). To 
the other pair (Cy, C2) are joined the two 
B- ends of the circuit. à ; 


‘If the plugs are in the sockets 1-1, 
W Ac the current from the battery . comes 
(4) jSe through B+, and enters the circuit 
Ac Pea through Cy. It returns through C, and 

Fig. 7.5, (@=Symbol an 24 
On EI) B—back to the battery. If the plugs are 


in the sockets 2, 2, the current passes 
from B+- to C>, In this case the direction of flow of current through 


the circuit is opposite to that in the previous case, This is how we 
use the reversing key. 


When you use a reversing key, take out both plugs from sockets 
1, 1 and then insert them in sockets 2, 2, Never put one of the plugs 


in 1 and one in 2, This may ‘short circuit? the cell (or the battery). 
This will be injurious for the latter. 


Insert or remove the plugs with the usual twisting motion, 


7-4, Resistances. Electrical resistances usuall 


y consist of coiled 
Pieces of insulated wire placed in a suitable cover, 


(i) Fixed resistance. Fig. 7.6(a) shows the symbol of a fixed 
resistance. The actual resistor may be of Various types. One type 
is shown in Fig. 7.6(b). An insulated Wire of appropriate length is 
folded on itself, and this folded wire is wound round a wooden bobbin. 
It is then covered with wax. The bobbin is placed in a nonconducting 
case. The ends of the wire are connected to two binding screws on 
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the cover. The value of the resistance is generally imprinted on the ` 
cover. 


(a) 


Fig. 7.6 (a=Symbol and b, c=structure of a fixed resistance) 


Such resistors cannot carry strong currents. Strong currents 
heat them and the resistance increases with temperature, Fine 
wires may be melted 
by a strong current. 


(ii). Rheostats. 
A rheostat is a vari- 
able resistance, 
whose value can be 
changed within the 
limits of its construc- 
tion. Fig. 7.7(a) 
shows the symbol 
of a rheostat and 
7.1(b) its construc- 
tion.’ In the type 
“pictured here, a 


bare: manganin or 
eureka wire -is (c) WA 

s Fig. 7.7 (a=Symbol of aà r! eostat, 
wound ces Boe b=its construction: c=mode of action) 


groove in a porcelain i 
tube, Any desired portion of the wire can be included in the circuit 


with the help of a sliding contact S (Fig. 7.1b). If the cirouit is 
connected to the terminals A and D (Fig. 7.76) the AS part of the 


rheostat is jncluded in the circuit. — 
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The maximum value of the resistance and the maximum current 
it can bear (without appreciable heating) are written on the rheostat. “ 
A “5-ohm, 2 amp” rheostat means that the resistance can be varied 
from 0 to 5 ohms and the maximum current which should be sent 
through it must not exceed 2 amperes. 


(iii) Resistance box. The symbol of a resistance box is shown 
in Fig. 7.8(a), and its construction in Fig. 7.8(5) and 7.8(c). 


The box contains a 
CR } number of resistance 


@ coils of fixed value 
joined in series by a 
number of metal blocks 

(CD) M. There is a small gap 

` G and a tapering socket 


(as in a plug key) 

between neighbouring 
. blocks. There are plugs 

fitting each socket. 


{in Jn | 


When 'a resistance 
box is connected by its 
terminals to a circuit and 

any of the plugs is taken 
| ee @ out, the current passes 
K 5 1 


A through the resistance 


40 ae Le ee B coil below the Plug. 
rt) >) @ When a plug is in 
Position, the resistance 
©) below it is shunted (or 
short circuited) by the 
plug. Because of the 
very negligible resistance of the plug, the whole of the current passes 
through the plug and none through the resistance. 

The resistance of the coil below a Plug is written near the corres- 
ponding gap on the lid of the box (Fig. 7.8c). There are two 
binding screws at the two ends of the box. 
through them to the box. Fig. 7.8¢ represents the lid of a resistance 
box, The values of the resistances contained in the box are such 
that you can get any value from 1 ohm to 420 ohms, 


Fig. 7.8 (a=Symbol of resistance box; 
6 and c=structure) 


The circuit is connected 


You can remove 
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as many plugs as you like. Give the plug a twist while taking it out 
or putting it in. The plugs which are kept in their sockets must be 
tight. 

In a rheostat, the variation of resistance is continuous; but in a 
resistance box it can be in steps only. The smallest step corresponds 
to the smallest resistance in the coil. Besides, a rheostat is constructed 
to carry heavy currents (0.5 ampere or more). But a resistance box 
should not be made to carry a current of more than 20 milliamperes 


or so. 


7-5. Galyanometer. A galvanometer is used for detecting small 
electric currents. It is a very delicate instrument. Its appearance and 
construction differ widely: You will generally be given “Moving-coil 
Table Galvanometers’ for use. Depending on construction they 
can detect currents of about 1 to 10 microamperes. Smaller currents 
will go undetected by the instrument. 


In-a ‘moving-coil’ galvanometer, a rectangular coil of m 
of fine insulated wire is placed in the strong magnetic field of a per- 
manent magnet. When a- current passes through the coil, it 
tends to set itself perpendicular to the field. The tendency to turn 
is opposed by delicate spiral springs. The result is that the coil under- 
goes an angular deflection depending on the current, the stiffness of the 
springs and the strength of the magnetic field. The angular deflection 
of the coil is indicated by the motion (on a scale) of a pointer attached 
to the coil. If the direction of flow of current in the coil is reversed, 
the coil turns in the opposite direction, and so does the pointer. The 
zero of the scale is in its centre. (These are often called centre-zero 
instruments.) The advantage is that you can say from the motion 
of the pointer that the position of no current through the galvanometer 


has been crossed. 


any turns 


Galvanometer shunt. Since the galyanometer is a very delicate 
instrument you must avoid situations in which a large current can 
pass through it. (Even a milliampere is considered too strong for a 
galvanometer.) As you do not know what current will initially pass 
through when it is first connected to a circuit, you should always have 
a low resistance conneeted across its terminals as a shunt. Such a low 
resistance may be constructed by a few turns of very fine insulated 
wire. The shunt resistance must be much smaller than the galvano- 
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meter resistance. It will be conveninent also to have a plug key 
in series with the shunt. When you don’t want the shunt you 
can just take out the plug of the key. : 


—©— +©7 —o— 


(a) (c) 
S 
(4) 
Fig. 7.9 (a—Symbol of galvanometer; b=shunted galvanometer; 
c=tangent galyanometer) 


Fig. 7.9(a) shows the symbol of a galvanometer, and Fig. 7.9(by 
the symbol of a shunted galvanometer provided with a key. G is 
the galvanometer and S the shunt, 


The symbol of a tangent galvanometer is shown in Fig. 7.9 (e). 


7-6. Ammeter. An ammeter measur 
or a branch of it directly in amperes. 
Series with the conductor in which the c 
ammeter should have a very low 
Circuit does not appreciably alter 


es the current in’ a circuit 
The ammeter is connected in 
urrent is to be measured, An 
resistance so that its insertion in the. 
the current in the circuit. 

Generally, an ammeter is a moving coil galvanometer shunted 
by a low resistance. The scale of an ammeter is an essential part 
of it, and is graduated in amperes. Since the direction of rotation of 
a coil depends on the direction of the current through it, the terminals 
of an ammeter are marked +. (Positive) and — (negative). The 
Positive terminal must always be connected to the positive side of the 
circuit. This will ensure that the ammeter needle moves over the scale 
in the right direction. Otherwise, the needle will move in the opposite 
direction (beyond the zero end of the scale). Wrong connection will 
damage the needle. In using an ammeter you must make sure that 
@) it is connected in series and (ii) the Positive terminal is connected 
to the positive side of the circuit. ° (To understand which is the positive 
side of the circuit, move along the circuit from the Positive pole of the” 
battery. The end that you reach first is the positive end.) 

The symbol for an ammeter is shown in Fig. 7.10(a). 


7-7. Voltmeter. A voltmeter is used for Measuring the potential 


CURRENT ELECTRICITY 135 
difference between two points of a circuit directly in volts. Fig. 7.10) 
shows its symbol. In principle, a voltmeter is a galvanometer with a 
high resistance in series with it. It is connected to the points 
between which the potential difference ; 
is to be measured. So the connection O i 

„here is in parallel with the concerned 
part of the. circuit. It acts as a shunt 
to that part. Its resistance being high, 4 
it draws very little current from the — (Q) 
circuit. 


The most commonly used voltmeter Fig. 7.10 
(a=Symbol of ammeter: 


is ithe moving coil voltmeter. It is, iÐ 4—symbol of Voltmeter) 
principle, a moving. coil galvanometer 
with a high resistance in series with the coil. The resistance is placed 
within the instrument. The scale is an essential part of it and is 
; graduated in volts. As in 
the ammeter, the terminals 
of a voltmeter are also 
marked +and —. The+ 
terminal must be connected 
to the positive side of the 


Fig. 7.11 (Series connexion of ammeter A 
inicircuit C;C2, and parallel connexion of circuit. 
voltmeter V across resistor R) p 
) Fig. 7.11 shows how 


an ammeter and a voltmeter must be connected to a circuit. 


A circuit will always contain a cell 


7-8. Building a circuit. 
The cell or the battery causes 


or a battery of two or more cells. 
electric current to flow through the circuit. The necessary resistances 
nstruments are connected together, as required, by short, insulated 
copper wires. The terminal of a resistance Or instrument that you 
reach first as you move along the circuit from the positive pole of 
the cell, is the positive end of the resistance or the instrument. In 
connecting ammeters and voltmeters, trace the positive end in this way. 


and i 


In every experiment the circuit diagram is given. When using 
connecting wires remove the insulation from about 3 cm of both ends 
of the wire. You may find the ends bared by previous use. If the 
bare ends appear greasy or coated, clean the ends with sand 
paper. Bend an end into a U and connect it to the binding screw. 
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Tighten the screw enough so that the contact is good and not loose. 


Looseness can be tested by giving the wire a slight pull. Al connec- 
tions should be tested in this way. 


Use a plug key next to the cell or battery. Keep it open (that 

- is, keep the plug removed) so long as you do not require a current. 

After you have completed building the circuit, get it checked by your 
teacher. If he permits, put the plug in position and start work. 


Note that when a number of resistances are to be connected in 
Series, it does not matter which one you place nearest to the cell, or 
towards its positive or negative pole. Suppose a resistance of 10 ohms 
and one of 100 ohms are to be connected in series with the cell in the 
circuit. You can place any one of them near the positive pole or the 
negative pole, or one on either side of the cell. (Many of you may 
have misconceptions in this regard. Hence the advice.) All that 

matters is that the appliances must be in 


Series. Their position relative to one another 
is immaterial. 


The connecting wires are represented by 

Straight lines, Their resistances are entirely 

ignored. You need not arrange the connect- 

ing wires exactly as they are shown in a 

circuit diagram. A long line does not 

Fig. 7.12 (Symbol of necessarily mean a long wire or a short line, 
one wire crossing ano- . . 
ther without touching) 4 short wire. They merely show which is 
connected to which. Use lengths of wire 

as are convenient and try to give the circuit a neat look. The 
reading instruments must be so placed that you can read them 
easily. Resistances which are to be adjusted should be so placed 
that you feel na obstruction in handling them. A circuit diagram 
does not mean that the relative positions of the components should 


be as in the diagram. You can change the Positions According to 
your convenience, 


Sometimes it is Necessary to show that a connecting wire crosses 
another without metallic connection between them. On a circuit 
diagram, this is symbolically represented as in Fig. 7.12, 


Don’t work mechanical]: 


y. Try to understand, 
Things are really simple. 


Use your brain. 
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7-9, Experiment 27 
To verify Ohm’s law using a ammeter and a voltmeter 
Theory. Ohm’s law states that if physical conditions are unaltered, 
the current (I) through a conductor will be proportional to the 


potential difference (V) between its ends. That is, X = constant. 


Its truth can be verified by measuring the current through a conductor 
with an ammeter and the potential difference between its terminals 
with a voltmeter. For different values of the current the ratio of 
the two quantities should remain constant. 

Apparatus. A battery of two storage cells in series (B; Fig. 7.13); 
plug key (K); rheostat (Rh; say, one of 5-ohm, 3-ampere specifica- 
tion); ammeter (A; roan : 
range 01.5 amp); an ile 
unknown resistance of 
about 4 ohms, made_of 
relatively thick manganin 
or eureka wire; . volt- 
meter (V; 0—5 volts); 
connecting wires. 


G _ -Fig. 7.13 (Circuit diagram for verifying Ohm’s 
(Each electrical ex- law using ammeter and voltmeter). 


periment requires 
instruments with ranges suitable for the purpose. In all the experi- 


„ments we describe we shall state such ranges. But an institution may 
not have these ranges. In such a case, the teacher will advise the 
student on the range to use.) 
[Directions for the experiment. 
n Fig. 7.13. It will be of advantage 
if you read Sections 7-1 to 7-8 first and follow instructions. Don't 
put the plug in the key at first. The pointer must be on the zero mark 
in A and V. If they are not, point this out to the teacher. He may 


set them correctly. 

If they cannot be set at zer 
as in slide callipers or in a screw gauge. 
add or subtract them as necessary from the apparent readings. 

(2) Get the circuit checked by the teacher. When he permits, 


put the plug in the key and start work. 


(i) Build a circuit as shown i 


o, the reading will require a correction 
Note the zero errors and 
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(3) Include the full resistance of Rh in the circuit at first. The 
current in the ammeter will be the smallest in this.case. The voltmeter 
reading will also be the lowest. Note their readings. 

(4) Reduce the resistance in Rh a little. This will increase both 
1 (current) and V (voltage). Note the new values. 

(5) „Take at least five sets of readings of J and V by changing the 
resistance of Rh, Firsty by decreasing and then by increasing Rh, 
Close the circuit only when you want to take the readings. At other 
times keep it open (that is, plug removed). 

(6) Take out the plug. Remove the battery connection.] 


Observations and Calculations 


Potential difference (v) 
No. of | Current (1) in volt when current Mean (V) in 
obs. in amp. — ——] volt ` —in ohm. 

increasing decreasing 


Value of 
v 


N 


etc. 


(Express the ratio V/I in decimals) 


Conclusion. From the table it is seen that the ratio VJI is constant 
(within limits of experimental error). This shows that they are pro- 
portional to each other. This verifies Ohm’s law, which states that 
1 is proportional to V. ? 

(The resistance of the resistor to which the voltmeter is connected 
in series is V/I=R ohms. 


It is the mean value of the ratio VII as we 
can get from the table.) 


Method followed, 


(1) The circuit was built as in the circuit diagram, The plug 
key was left open.’ It was checked that the pointer of the ammeter 
and the voltmeter both read zero in this condition. 


d The maximum 
resistance of the rheostat was included in the circuit, 


(2) I got the circuit checked by the teacher. When he permitted 


1 closed the circuit by putting the plug of the key in position. After 
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tmeter (V), 


recording the readings of both the ammeter (7) and the vol 
the circuit was broken. 

(3) The resistance in the rheostat was reduc 
was closed, and the 7-V readings were taken. 
removed. = 

(4) Operation (3) was repeated to g 
readings, first by increasing and then by 

(5) The plug in the key was removed, 
connections. 


ed a little. The circuit 
The plug was again 


et altogether five sets of LV 


decreasing the current. 
and so also the battery 


Precautions. 

se ete pee physical conditions of the conducto 

this es e experiment. The most important phi 

This a the temperature. A large current may 
guarded against. Care was taken not to use too strong 4 

current as it may produce appreciable heating of the conductor.” ` 

oO Current was allowed to flow for a while before taking the 

paar This allowed the conductor to acquire temperature equili- 


r must not change 
ysical condition im: 
heat the conductor- 


Remarks. 
(1) The experiment also gives the resist 


conductor, 
(2) Temperature rise of the conductor must be 
convenient. Its temperature 


Use of manganin or eureka wire iS 
coefficient of resistance is very low. To guard against much Joule 
heating, a relatively thick wire Or small currents should be used. 

(3) Land V may be read up to three significant digits by eye 
estimation. So the third digit in R will vary. ‘The first two digits 
ought to remain constant. i ; 

(4) K, Rh, A and Rare in series in the circuit. 
what their relative positions ATC. The voltmeter must 
parallel with R. ‘ 

(5) The Z-V or y-I graph will be a straight line passing through: 
the origin (I=0, V=0). Draw such a graph to test the quality of 
your work. 

A straight line graph through the origin means that the 
plotted are proportional to each other. 

Oral questions. (1) What is Ohm’s law? What is mean 


Conditions unaltered ? 
_@) What are storage cells 
acid cell? 


ance R(=V/D) of the 


guarded against. 


It does not matter 
always be in 


quantities 


t by keeping physical 


2 What is the voltage of a lead- 


(or accumulators) 
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(3) What would be the advantage or disadvantage if you used Daniell cells in 
this experiment? Could you use Leclanche’ cells? 

(4) What is the action of a theostat? Show which portion of its resistance 
has been included in the circuit, 


(5) What is the use of an ammeter? What is its construction? What is its 
action? 


(© What are theuse, construction and action of a voltmeter? Does it have 
a high or a low resistance? . 

(7) How are ammeters and voltmeters related’ to galvanometers? 

(8) What is the resistance of the conductor you haye been given? 


Ans. (1) Sce ‘Theory’. The most important physical condition in this case 
is the temperature. (The resistance of a bismuth wire depends on the magnetic 
field in which it may be placed. That of selenium depends on the amount 
of light falling on it. But the resistance of all conductors depends on tem- 
perature. So temperature is the most important physical condition in this 
case. Other physical conditions are special cases.) (2) See Section 7-2(c). 
Ordinarily 2 volts. (3) The voltage (=e.m.f. or p.d. expressed in volts) of a Daniell 
cell may be taken as 1 volt. If its internal resistance is taken as 10 ohms, 
it cannot give a current greater than 1/10 ampere. So an ammeter of low range 
will be necessary. If the given conductor has a high resistance, its terminal 
voltage may be relatively large. Supposing it had a resistance of 10 ohms. 
the current in the circuit would be 1/(10-+-10) amp, and the terminal yoltage 
1/20*10=0°5 volt. This would also require a voltmeter of low range. So, if a 
Daniell cell were used, we would require low range ammeter and voltmeter and a 
conductor of relatively high resistance. A Leclanche cell is inconvenient. 
In continuous work, its e.m.f. slowly diminishes due to slow action of the 
depolarizer (MnO). So the current and voltage will not remain steady. (4) See 
Section 7-4(ii).(5) See Section 7-6. (6) See Section 7.7 (7). An ammeter is, 
in principle a galvanometer shunted by a low resistance. Its resistance is practi- 
cally that of the shunt. A voltmeter is, in principle, a galvanometer with a high 


Tesistance in series. It has an overall high resistance. (8) The resistance of the con- 
ductor is the mean value of V/I, 


7-10. Mechanical equivalent of heat 

Under appropriate circumstances 
converted into heat energy. Let an 
on complete conyersion jnto heat, 
The ratio W/Q=J is called the me 
also called Joule’s equivalent. 


mechanical energy can be fully 
amount W of mechanical work, 
produce an amount Q of heat. 
chanical equivalent of heat. It is 


illec i The numerical value of J depends on 
the units in which W and Q are measured. In cgs units, W is in ergs 


and Q is in calories. In these units J is about equal to 4:2 x107 ergs 
per calorie. If work is measured in joules J=4-9 joule/cal. J repre- 
Sents a fixed or constant ratio though its numerical yalue is 
dependent on units chosen to represent work and heat. 


To determine J both mechanical work and heat have to be measured. l 
As we are to measure J by 


electrical means, W will be the electrical 
work done. 


CURRENT ELECTRICITY 148 


7-10. Experiment 28 
To determine J by electrical method 


Theory. If the terminal potential difference of a resistor is V volts. 
and the current through it is J amperes then, when the current flows- 
for t seconds, the electrical work done is VIt. If the heat generated 
by this work is H calories, the ratio Vit/H=J is a constant quantity. 
J is called Joule’s equivalent or mechanical equivalent of heat and is | 
expressed as ‘joules per calorie’. Let the calorimeter used for measur- 
ing the heat have a water equivalent of W grams and let it contain m 
grams of water. . If the heat H calories raises the temperature of the 
calorimeter and contents from T} °C to T) °C, then the heat H=(W+m) 


(72—T)) cal. 
J V(volts) < (amp) x (sec) — VIt joules 
(Wm (TaT) cal (Wm) (T2—T,) calorie 
ule’s calorimeter (JC); thermometer (T) (0°—>50°C 
of a degree); ammeter (A) (0—15 
Jug key (K); stop clock; common 
e battery (preferably as used 


Apparatus. Jo 
range; preferably divided into fifth 
amp); voltmeter (V) (0—10 volts); P. 
balance with weight box; a 6-volt storag 
in motor cars). (Fig. 7.15.) 

Description of Joule’s Calorimeter. 
Joule’s calorimeter (JC; Fig. 7.14) is an ordinary calorimeter 

fitted with a wooden lid (L) on its container. The lid has two 
holes in it, one for a thermo- 
meter (T) and the other for the 
stirrer (S). There is a heating 

coil (NW) of nichrome wire 
inside the calorimeter. It has 
two leads (CW) of thick copper CW 


wire. Neither CW nor NW 
touches the calorimeter. The a 
heating coil should have @ 3 


Tesistance of about 4-6 ohms. 
The free ends of CW are 
Connected to two binding screwS Fi 
BS on th i batter. À 

G re batr i oil through 
circuit and the voltmeter are connected to the heating C 


g. 7.14 (Joule’s calorimeter) 
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hese binding screws. The heating coil and the thermometer 
Pore bulb are fully immersed in 
the water of the calorimeter. 


[Directions for the experi- 
ment. 


(1) Weigh the calori- 
meter and stirrer. 

(2) Weigh it again with , 
enough water to submerge ` 
the heating coil and the 
thermometer bulb. 

Fig. 7.15 (Circuit diagram (3) Build a circuit as 
ton cetcemuning 7) shown in Fig. 7.15. Put the 
calorimeter in its container (CC). 

(4) Get your circuit checked by the teacher. If he permits, begin 
work, Take the initial reading T, of the thermometer to tenths of a 
degree by eye estimation. Check the ammeter and voltmeter for zero 
error, 

(5) Insert the plug in the key K and at the same time start the 
stop clock. Take the readings J of the ammeter and V of the volt- 
meter. Stir the water continuously. 

(6) Allow the current to flow until the temperature rises by 8 to 10 
degrees. Note if / and V have the same values as at the start. (If 
they differ, inform the teacher and use the mean values.) 

(7) Take off the plug of the key K and at the same time stop the 
clock. Stir the water well and note the maximum temperature 72 
which the thermometer reaches. Read. T, to tenths of a degree by eye 


estimation. Note from the stop clock how long the current has flowed. 
(8) Disconnect the battery.] 


Observations, 


Mass of calorimeter +stirrer=...g (my) 

Mass of calorimeter +stirrer -water—...g (m) 
Initial temperature of water=...°C(T) 7 
Current =...amp (7) 
Potential difference =...volts (V) 


Maximum final temperature of water=...°C (Tp) 
Time of flow of current=...seconds (2) 
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Calculations and Result. 


Electrical work done=VIT joules 


Heat developed=H=Vit/J calories=.../J cal ; (A) 
Mass of water (=72—m,=m g)=...grams 

Heat taken by water=m(Z>—T)) cal. (B) 
Specific heat of material of calorimeter (s)=... (given) j 


Héat taken by calorimeter and stirrer =m;s(T2—T;)=...cal. (C) 
(ms =W is the water equivalent of the calorimeter.) 


If heat loss from the calorimeter is ignored, we shall haye 
A=B-+C. 


J2 AL e joules aes 
“ms tm) «+ calories ous ooh es/cal 


Method followed. 

(1) The calorimeter with stirr 
was taken in the calorimeter to su 
blub of the thermometer. The calorimet 
was weighed. 

(2). The circuit as shown in the di 
by the teacher. The ammeter and t 


zero error. 

(3) With the teacher's permission I started work. The initial 
temperature Tı of the calorimeter water was carefully noted. The 
current’ and the stop clock were started simultaneously. The current 
Zand the voltage V were noted. 


(4) The water was stirred 
Water was allowed to rise by a 
I and P were checked to see if they 
was constant.) 

ed, breaking the circuit. 


g of the key K was remov i 
The water was stirred 


(3) The plug c 
The stop clock was stopped at the same time. 
reached by the water was noted. 


and the maximum temperature Ta iek 
The time of flow of current was noted from the stop clock. 


er was weighed. Enough water 
bmerge the heating coil and the 
er with the stirrer and water 


agram was built. It was checked 
he voltmeter did not have any - 


temperature of 
The values of 
They 


continuously. The 
bout 10 degrees. 
had remained constant. ( 


Precautions. ji 
sly stirred. 


h the heating coil. 
hecked. 


(1) The water must be continuou 
ot touc 


(2) The thermometer bulb must n 
Itage should be c 


(3) Constancy of the current and vo 
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Remarks. In this experiment, both the resistance of the heating 
coil and the voltage of.the battery should be a little high. In the 
arrangement described, we shall have a resistance 4-6 ohms, and a 
voltage of 6(V). The current will be about 1 ampere. Electrical 
energy will be consumed at the rate of 6V x 1[A=6W (watts) per second. 
This will develop heat at the rate of about 6/4:2—1:4 cal per second. , 
If there are only 100 grams of water, it will take about 12 minutes. 
for the temperature to rise by 10°C. The longer the calorimeter 
temperature remains above the room temperature, the more the heat 


will lose. As we are ignoring the heat loss, the value of J will be 
too high. í : 


Oral Ouestions. (1) What is meant by the mechanical eguivalent of heat? 
On what does it depend? 

(2) Where is work being done in this experiment? Who is doing this work? 

(3) Define the volt, the ampere and the coulomb. 

(4) What is the resistance of your heating coil? 


(5) If heat loss from the calorimeter were taken into account, how will the 
value of J change? 


(6) How does heat loss from the calorimeter takes place? 


Answers. (1) Mechanical or electrical energy can be fully converted into 
heat. If an amount W of mechanical or electrical energy is fully converted 
into heat, producing H calories, then the ratio W/H=J is called the mechanical 
equivalent of heat or Joule’s equivalent. It is a constant quantity. Its numerical 
value, however, depends on the units in which W and H are expressed. 
(2) The work is done by electric ‘charges in flowing through the resistance, 
overcoming the opposition offered by the resistor. The battery supplies the neces- ` 
sary energy. (3) See your test book on Electricity, (4) R=V/I. (5) We 
know J=W/H. Due to heat loss the value of H we get is less than ithe 
real heat produced. So, H being smaller than the true value, the apparent 


value of J will be higher than the true value. (6) Mainly by convection and radia- 
tion. A part by conduction. 


7-11, Experiment 29 


To measure a current with a tangent galvanometer 


Theory, Let the intensity of the Magnetic field at the centre of 
the vertical coil of a tangent galvanometer be H oersted. Let Ho 
be the horizontal component of the earth’s field at the place. 


Then the deflection @ of the magnetic needle at the centre of the 
coil will be given by 


H=H, tan 9. 
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At a given place H, has a fixed value. So He tan 6, that is, H 
is proportional to tan @. H is also proportional to the current 7 in 
the coil. So Jis proportional to tan 0. In sucha case, we can write. 

I=k tan 0 


where k is a quantity whose value at a given place is fixed. 


k is called the reduction factor of the galvanometer. If k at a place 
for a given tangent galvanometer is known, the current through the 
galvanometer can be determined by noting the deflection of the 
needle. $ 


Apparatus. Tangent galvanometer (TG. Fig. 7.17); a storage cell 
(B); rheostat (Rh) (5-ohms, 2-ampere); plug key (Kı); ammeter (A) 
(0-2 amp); a reversing key (Ko); flexible twin cord (TF) a metre or 
so long; connecting wires; spirit level. 


Descritption of the tangent galyanometer. The tangent galvano- 
meter (Fig. 7.16) is a device for measuring electric currents, In 
it, the electric current flows through a very closely wound, circular 
coil (C) made of a number 
of turns of wire of the same 
radius, The plane of the coil 
is perpendicular to the platform 
on which it is mounted. If the 
platform is horizontal, the plane 
of the coil is vertical. A small 
Magnetic needle (ns) is pivoted 
at the centre of the coil. It 
can turn freely in a horzontal 
plane. An aluminium pointer 
(Œ) is attached rigidly to the 
needle at right angles to it. As 
the needle turns, the pointer 


moves over a horizontal circular 
scale graduated in degrees. The Fig. 7.16 (Tangent galyanometer) 


coil can be rotated about a vertical axis in its own plane. There are 
tire levelling screws (L) to make the axis vertical. The plane of the 
coil must be in the magnetic meridian. The coil has two terminals 
(Ti, Ta) for connection to the circuit. 

10 
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Use of a spirit level. A spirit level is used for testing whether 
a plane surface is horizontal. (An axis perpendicular to the 
surface is then vertical.) To make the plane of the coil of a tangent 
galvanometer vertical, the spirit level is first placed on the platform of 


the coil parallel to the line joining any two of the screws. The two ` 


screws are held between the thumb and the forefinger of each hand, 
and ‘given opposite turns (one clockwise and the other anticlockwise)- 
Bring the centre of the bubble of the spirit level to the central mark on 
it by so turning the screws. The proper adjustment will require 4 
little trial. Now place the spirit level perpendicular to its first 
Position. Turn the third screw to centre the bubble. Check if the 
bubble is still central when the spirit level is placed again in its first 
position. 


With a little practice, levelling will not require more than 
2-3 minutes. 


[Directions for the experiment. 


(1) Build a circuit as shown in Fig. 7.17. Use the flexible twin 
cord (TF) to keep the tangent galvanometer as far as possible from 
the magnetic field of the rest of the circuit. 


(2) Level the galvanometer with a spirit level. This will make 
the plane of the coil vertical. 

(3) Turn the galvanometer coil to bring its place in the magnetic 
meridian. If the circular scale has been mounted properly, the plane 
of the coil will be in the magnetic meridian when one end of the alumini- 
um pointer is on the mark 0°. (As a check you should note whether 
the needle is in the plane of the coil.) 


(4) Get the circuit checked by the teacher and start work with 
his permission. 


(5) Put the plug in the key Ky, and adjust the rheostat 


Rh K2 


Fig. 7.17 (Circuit diagram for measuring current with a tangent galvanometer) 


Rh so that the deflection is about 30°, Take the readings (04°, 62°) 
of both ends of the aluminium pointer. 


ee 
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(6) Use the reversing key Kz (See Section 7-3iii) to reverse the 
current in the galvanometer, and take the readings (63°, 04°) of the 
ends of the pointer again. Note the value 7 of the current as shown 
by the ammeter. - 

(T) Adjust Rh to make the deflection 30°, 40°, 45°, 50° and 60° 
in turn, Reverse the current for each value of the deflection and 
take the four readings (0, to 047) for each current. Note also the 
corresponding current 7. ; 

(8) Remove the ammeter from the circuit. Ask the teacher to 
fix the current which he wants you to measure with the T.G. (Possibly 
he will alter Rh a little.) 

(9) Take the four readings (04° to 047) of the pointer for this value 
of the current. (On this occasion you will not have the ammeter in 
your circuit. This is the unknown current you are measuring.) 

(10) Remove the plugs from the keys and disconnect the 


battery.) 
Observations and Calculations. 
| $ Deflection of the pointer M 
No. |Current in degrees for Mean I yen 
of |) in /———— deflec- tan@ | —— 
obs. | amp. Direct reverse tion tan ð { (amp.) 
current Current 9” =K(amp. 
End | End | End | End 
z I JI I JI 
7% 
3. 
etc. 
= i, 
| Un- in- 
known 
known eK tan 6 
Wampa 


(For values of tangents see p. 149. Espress k in decimals. Keep three siga- 


ificant digit. Even the second digit may be uncertain.) 


Result. 
For the unknown current, the mean value of 9—, 


Therefore, the unknown current. 
J=k tan 6=...amp. 


wee and tan 0... 


148 FUNDAMENTAL PRACTICAL PHYSICS 


Method followed. 
(1) The circuit was built as shown in the circuit diagram. The 


tangent galvanometer was kept away from the magnetic field of the 
rest of the circuit. 


(2) The platform of the galvanometer was made horizontal with 
the help ofa spirit level. This made the rotation axis of the coil vertical. 


(3) The coil was turned so that one end of the pointer read 0°. 
(This brings the plane of the coil in the magnetic meridian.). 

(4) Observations were made after the teacher had checked the 
Circuit and given permission for work. The key K; was closed and 
the rheostat was adjusted so that the deflection was 30°. Both ends 
of the pointer were read (047, 03°). 

(5) The current in the galvanometer was reversed by using the 
reversing key Ky. The readings 03°, 94° of the two ends of the pointer 
were taken. The current J in the ammeter was noted, 

(6) The rheostat was adjusted so as to make the deflections 
30°, 40°, 45°, 50°, 60°. The pointer readings 6;°, 6° and 63°, 
reversal were taken. The current for each set of deflections was 

(1) The teacher was then requested to set the cur 
ed, The deflections 41°, to 04° for this 
there was no ammeter in the circuit. 


64° on 
noted. 


rent to be measur- 
current were noted. In this case 


(8) The plugs from the keys were removed and the battery was 
disconnected, 


Precaution, 


There should be no magnetic material or any magnetic field due 


to a magnet or any other current near the coil, Any of these changes 
the value of H É 


deflections on current reyersal will differ. The same thing happens 
if the 90°-90° line of the scale is not in the plane of the coil. Draw 
the attention of the teacher to differences in 9 values if they are more 
than one degree. 


(2) It is found theoretic 


ally that the reduction factor k—5rH,/an 
ampere, Here r=radius of 


each turn of the coil in centimetres, n is 
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the total number of turns in the coil and H, is the horizontal component 
of the earth’s field. At different places H, is generally different, and 
so is k. 

(3) The error in the result due to an error in the value of. @ is the 
least when 6=45°. 


Oral questions. (1) To what use can a tangent galvanometer be put? Describe 
its action briefly. 

(2) What is meant by the ‘reduction factor’ of a tangent galvanometer? Is 
its value constant? How does this value depend upon the radius and number of 
turns of the coil? 

(3) What range of currents can you measure with such a galvanometer? 

(4) Explain the action of the reversing key. 


Answers. (1) Measurement of current. See ‘Theory’. (2) “Theory” and 
para (2) under “Remarks’. (3) Theoretically, it can measure any current 
because tan 49 varies from O to co. “But in practice, the values are limited to 
currents producing deflections of about 30° to 60°. For small or large angles, a 
small error in reading @ causes a large error in the result. Besides, the wires of 


the coil must be able to bear the current without appreciable heating. (4). See 
Section 7-3(iii). 
Table of tangents of angles 
6 tan 9 8 tan @ 8 tan 0 
28 0.532 40 0.839 51 1.23 
29 0.554 40.5 j 0.854 51.5 1.26 
30 7 0-557 41 0,869 52 1.28 
30.5 0.589 41.5 0.885 52.5 1.30 
31 * 0.601 42 0.900 53 1.33 
31.5 0.613 42.5 0.916 53.5 1.35 
32 0.625 A3 0.933 54 1.38 
32.5 0.637 43.5 0.949 54.5 ` 1.40 
33 0.649 44 0.966 55 1.43 
33.5 0.662 44.5 0.983 55.5 1.46 
34 0.675 45 1.00 56 1.48 
34.5 0.687 45.5 1.02 56.5 1.51 
35 0.700 46 1.04 57 1.54 
36.5 0.713 46.5 1.05 S75 1.57 
36 0.727 47 1.07 58 1.60 
35,5 0.740 47.5 1.09 58.5 1.63 
37 0.754 48 1.11 59 1.66 
37.5 0.767 48.5 Beo S 1.70 
38 0.781 49 115 60 1.73 
ee ee a cea 
0.810 50 7 3 
3 1.21 62 1.88 


39.5 0.824 50.5 


1 
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7-12. Principle of the Wheatstone network: The metre bridge 
and the P.O. box. A Wheatstone network (also called Wheatstone’s 


= bridge) consists of four resistances P, Q, 


i H R, S arranged as in Fig. 7.18. The battery 
| r 


(Œ) is connected to a pair of opposite 
A 


corners, say A and C, of the network. 
A shunted galvanometer (G) is connected 
to the other two corners B and D. 


It can be easily shown that when the 
ratio of the resistances P/Q is equal to 
the ratio R/S of the other pair, that is, 
A when i 

2. PAIR 

Fig. 7.18 Wa showing. 2 Q S 

action of Whetastone’s network) 20 current will flow through the galvano- 

meter. (The connections of the battery 
and the galvanometer can be interchanged. G may be connected to A 
and C, and E to Band D. In this case also, if P/O=R/S, there will 
be no current through the galyanometer.) 


[When there is no current through the galvanometer, the current 
along the branch ABC has some fixed value i}. That along ADC 
has some other fixed value i,.) 


The action of two electrical measuring devices depends on the 
above principle of the Wheatstone network. One of them is the 
Metre bridge. The other is called the Post office Box (or P.O. Box 
in brief). The Post Office Box was so called because it was originally 
designed to measure the resistances of telegraph lines’ in a post office. 


Both devices can determine an unknown resistance by comparison 
with a known one. 


7-12.1. Metre bridge : Description. The metre bridge has 2 
metre-long wire of uniform cross-section (AC of Fig. 7-19). It is! 
Stretched by the side 
of a metre scale. The 
ends of the scale and the 
wire coincide. The ends 
A and C of the wire are 
soldered to two L-shap- 
ed strips of copper or 

. brass. Between the two 
L-strips, there is another 


bai 


Fig. 7.19 (The metre bridge) 


CURRENT ELECTRICITY 151, 


straight strip with gaps on both sides of it. These strips have entirely 
negligible resistances. Each strip has binding posts at its ends. The 
straight strip has a third post in its middle. These are used for.connec- 
tion with battery, glavanometer, the known and the unknown resis- 
tances. The metrewire, scale and the metal strips are mounted on a 
wooden board. A contact piece witha knife-edge slides along a groove 
parallel to the wire. It can establish contact between the galvano- 
meter and any point of the wire. The position of the point of contact 
can be read off from the scale by noting the position of a mark on the 
slider. 

Action. Suppose the unknown resistance X is in the left gap of 
the bridge, and a known resistance R in the right gap. By trial, the 
galvanometer is connected (through the slider) io a point D on the wire 
such that no currept#flows through the galvanometer. Let D be at a 
distance / cm from the end A (left end) of the wire. Since the wire is 
uniform, the resistances of the portions / and (100—7) cm of it 
are proportional to these lengths. We can take these two portions 
to form respectively the P and Q braches of a Wheatstone network. 
Then for balance (that is, no current in the galvanometer) we shall 


have 


ee al n 
E a = ET 
If X is in the right gap and R in the left, the condition for balance 
will be 
R l o oE 
ami hee aa 
7-12.2. Description of the P. O. Box. Its construction is a 


1 form and the diagrammatic representa- 


little complicated. The rea 
to understand its construction. 


tion look very different. Let us try 
a number of coils of known resistance are 
arranged to form the arms P, Q and R of a Wheatstone network (See 
Fig. 7.20). The unknown resistance forms the fourth arm S. The 
resistances in the P, Q, R arms are connected as in a resistance box 
(see Section 7-4 iil Fig. 7.8, b and c). 

In Fig. 7.20, the part AB forms the P arm and BC, the Q arm of 
the network. These two arms are called the ratio arms of the P.O. box. 
Each of these arms generally contains three resistances in the 
ratio 10 : 100: 1000. (So the ratio P/Q can be given the values 100, 
10, 1, p 140): The third arm R is called the rheostat arm. In most 


Construction. In it, 
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instruments it contains resistance coils of values 1 ohm to 4000 ohms. 
With the help of these coils the resistance in the rheostat arm can be 
varied from 1 ohm to 11,110 ohms. 


Fig. 7.20 (The P; O. Box) 


A P. O. box has two tapping keys K; and K>. (For tapping keys, 

See section 7-3 ii). One of them is connected to the battery and the 

other to the galvanometer. One end of K; goes to the battery E, and 

the other end is connected to A, the junction of the arms P and R. 

(This is shown in broken lines in the figure.) One end of the key K3 

| goes to the galvanometer G and the other to the junction B of the arms 
Pand Q. (This is also shown in broken lines.) 


In many P. O. boxes two terminals are marked B, B for connec- 
tion with the battery. “Two other terminals are marked G, G for 
connection with the galvanometer, A third pair of terminals may 
be marked L, L or X, X for connecting the. unknown resistance. 
Such markings help the beginner 
to make the connections correctly. 
Otherwise he has to identify all the 
connecting posts. (If the terminals 
are not marked, try to identify them. 
If you fail, seek the teacher’s help.) 

Diagrammatic representation or 
Symbol. To represent a P.O. box on 


LRA 5 i iagrammatic 
a circuit diagram, we shall use the WANA Aaa Box) 
symbol as shown in Fig. 7.21. The 


letters P, Q, R and S have the same meanings as in Fig. 7.20. 
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7-13. Experiment 30 
To measure an unknown resistance with a metre bridge 


Theory. The metre bridge acts on the principle of the Wheatstone 
bridge. For no current through the galvanometer we can write, 
Resistance in the left gap _ distance of the null point from the left end 
Resistanceintheright gap distance of the null point from the right end’ 
Let R be the resistance in the left gap and X, that in the right 
gap of a metre bridge. If the null point on the wire is 7 cm from the 


left end of the wire then, we have 


Ro! 
X 100-1" 
If R is known, X may be determined by finding /. 
Apparatus. Metre bridge with slider; Unknown resistance X 


(about 5 ohms will be suitable); a known resistance R (a resis- 
tance box of range 110 ohms will be suitable); a Leclanche’ 


or a Daniell cell; plug Key; Sensitive galvanometer ; connecting wires; 
rheostat; high resistance box. 


(The metre bridge has been described in Sec. 7-12.1) 


[Directions for experiment. 
(1) Build a circuit as in Fig. 
box R, which is in the left gap. 


7.22. Put 5 ohms in the resistance 
The connecting wires for R and X 


Fig. 7.22 (Diagram showing use of metre bridge) 


Put 100 ohms resistance from resistance 


should be short and thick. 
h the galvanometre will be low. Also 


box R’. The current throug! 
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make Rh high. Get the circuit checked by the teacher. After he has 
approved, close the key K by inserting the plugs in the diagonally 
opposite sockets. 


(2) Touch the slider to some point near the middle of the wire and 
note the deflection of the galvanometer needle. 


in the box R to reduce the deflection as far as p 
the deflection to zero by slowly moving the slider 
(3) Reduce R’ 


Adjust the resistance 
ossible. Then bring 


to zero and make Rh as low as possible. ` The 
galvanometer acquires its full sensitivity and may show some deflection. 
Reduce this to zero by moving the slider slowly and find the position 
of the null point. Note this length. 


(4) Reverse the current by interchanging the key to the opposite 
diagonal and note the null point again, 

(5) By increasing and decreasing the resistance in the resistance 
box R, find the null points at least twice. Note the null points twice 
for each tesistance, one for the direct current and another for reverse 


current. The null points should in all cases preferably lie within the 
approximate range 45cm to 55 cm. 


The bridge is most Sensitive 

at the middle. 
(6) Interchange R and X (that is, put R in 
in the left gap), Repeat the operation (2), 
null points for direct and reverse cu 


the right gap and X 
(3) and (4) and note the 


rrents putting the same Tesistance 
as before. à 

(7) Open the plug Key K. Disconnect the cell). 
Observations 


No. | Resistance | Resistance 


Position of the 
of in the in the 


n Mean | value of Mean 
null point Z cm 


f ; 5 l t 
obs. | left gap in | right gap in for in a a 
ohm, ohm. a |) Ome resistance | ohm. 
direct | reverse X 
current | current in ohm. 
Ol R x | 
(b) X R, 
5 (a) R2 x 
(b) X R2 


etc. 


a 
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resistance in the left gap en lS 
resistance in the right gap 100-/ 


Calculation. from the formula, 


we get for Geronimo (ays (1) a= an K etc. 
5 3 X 

and for observation (bys (1) R wa aa ELCs 

Hence the mean resistance=—... ohm. 


Result. The given value of the unknown resistance is...ohm. 


Method. followed. 

(1) A circuit was built as shown in the circuit diagram (Fig. 7.22). 
A resistance of 5 ohms was put in the known resistance box. The 
other plugs of the box were checked to see if they were tight. A 100 
ohms resistance was put in R’ and Rh made large. 

(2) The plugs were inserted in the opposite diagonals and the 
slider was touched to the middle of the wire and the deflection of the 
galvanometer was noted. The resistance in the known resistance box 
was changed to make the deflection as small as possible. The slider 
was slowly moved to reduce the deflection to zero. 

(3) The galvanometer made sensitive by making R’ to zero and Rh 
least, The deflection increased a little, The slider was moved very 
slowly to reduce this to zero. The position of the null point was noted. 
The null point was again noted by reversing the current. 
nd decreasing the resistances in the box the 


(4) By increasing a 
null points were again noted by the above procedure. 


(5) The known and unknown resistances were interchanged and 
the null point were noted for direct and reverse current for each 


resistance. 
(6) The circuit was dismantled. 
(7) ~ The value of the unknown resistance was calculated by the 


formula and the mean taken. 


Precautions. 

(1) Plugs left in the resistance box should sit tight. 

(2) Rand X should be connected to the bridge by short, thick 
wires. ; 

(3) The null points should lie within the range 45 cm to 55 cm. 
(The error increases if it goes too far to one side.) 

(4) The slider should not be in contact with the wire except during 


adjustment or taking a reading. 
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(3) How does a Metre b; 
(4) Why are 
changed? 


ridg- measure an unknown res 


istance? 
you taking Teadings with the resist 


ance in the gaps inter- 


Answers. (1) See Section 7-12. 
Section 7-12.1, (3) See ‘Theory’ of 
in the experiment. (5) It does not. 
of the connecting wires, 


(2) See the portion marked ‘Action’ under 
this experiment, (4) To reduce the error 


(©) R, x actually include that resistances 
Hence these should be kept as small as possible, 


7-14, Experiment 31 


To measure an unknown resistance with a P.O. Box. 


Theory, In the figure (Fig. 7.23), P, Q are the ratio arms and 
R the rheostat arm of a P.O. box. The resistances are Ry in P, Rz 
in Q, Rin R. If the unknown resistance S has a value X then, accord- 
ing to the Principle of the Wheatstone bridge, we shall have 
R oR 
R € 


for no current through the galvanometer. When this relation is 
Satisfied 


; unknown resistance ( a value 


> Leclanche’ or Daniell cell; galvano 
res. 


[The P. O. box has been described in Section 7- 


around 10 
meter with 


12.2.) 
Directions for the experiment, 


cuit as in Fig. 7,23. Put resistances of 10 ohms 
Qand R. Take care to see tha 


ection is loose, Note whether 


(1) Build a cir 
€ach in the arms Ri t all other plugs are 
your P.O. box has 
Tf so, connect the battery 
to G, G; and the terminals 
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of the unknown resistance to X, X. Otherwise, you have to trace 
where to connect which by identifying the arms P, Q, R, S of Fig. 
7.20. If you fail to do so, seek your teacher’s help. 


AA et 
sae Ry Po H 
Ww è 
c X DC D 
(2) ee as Dag re ae) 
; To : 
; h 
© D 
Ti 
(ui) 


Fig. 7.23 (Circuit diagram for using P.O. box, (i) is for resistance determination, 
(ii) for verifying law of series resistances, and (iii) for parallel resistances, 


(2) Get your circuit checked by the teacher. If he approves, 
start work. , 

(3) Press the battery key Kj first and then the galvanometer key K2. 
Remember, both are ‘tapping keys’ (see Section 7-14.2 and 7-3ii). 
Note the direction of deflection of the galvanometer needle. Release 
the galvanometer key first and then the battery key. (Both these 
circuits will then be broken.). 

(4) Reduce R3 (the resistance in the rheostat arm) to 1 ohm. 
Press K4 and then K3. ` Note ihe direction of deflection of the needle. 
Perhaps it will be opposite to that on the first occasion. (We shall 
assume this to be the case and proceed accordingly. If, however, 
deflections on both occasions are in the same direction, try successive- 
ly values of 20 ohms, 30 ohms, 40 ohms etc. in the rheostat arm until 
you have found that a deflection in the opposite direction occurs.). 

(5) The value of the unknown resistance X lies somewhere 
within the range of resistances in which opposite deflection occur. 
Reduce the upper limit of this range by 1 ohm at a time, and note the 
direction of deflection. In this way reduce the range to the smallest 
value, Suppose the limiting values of the range are (n+1) and n ohms. 
X lies between n and n+1 ohms. 

[For example, if the direction of deflection changes between 5 ohms 
and 4 ohms, 7=4 ohms.] 

(6) Now change Rj, the resistance in the arm P, from 10 to 100. 
Keep R; at its old value (10). Increase R; to 10(2--1). 
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[in the example above, this will be 50 ohms.] Again reduce this 
value by steps of 1 ohm until the direction of deflection reverses. 
Suppose this occurs between 10n--5 and 10n-+-4 [that is between 45 
and 44 ohms in the example above.] 


(7) Keep R, unchanged and increase Ri to 1000. In the rheostat 


rm R, make the resistance equal to 10x(107--5) ohms [that is, 450 


T 


deflection is zero. Then this value is R3, 

(Sometimes, due to lack of Sensitivity the deflection appears to be 
zero for more than one value of R}. Take the mean of such values 
as R}. For Oversensitivity, you may not get a zero deflection, Then 
take R; as that value which gives you the smallest deflection.). 


ing to theory, the unknown resistance Y=R;, (10/1000) =R;/100]. 
Observations, 3 
(These may be arranged in the following tabular form) 


Resistances in ditterent arms s 
3 Direction of Conclusion 
RiinP | Roin Q| R,inR deflection 
- Ua 
10 10 10 Right 
10 10 1 Left 
10 10 9 Right 
X lies between 5 
and 4 Ohm 
10 10 5 Right 
10 10 4 Left 
x 100 10 50 Right 
Unknown 
X lies between 4:5 
100 10 45 Right and 4:4 Ohm 
100 10 44 Left 
1000 10 450 - Right 
1000 10 446 Right 
4 1000 10 445 No deflection 
1000 10 444. | No deflection 44:44 Ohm 
1000 10 443 | No deflection 
1000 10 442 Left 


he 
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Calculations and Result. : 
When the bridge was balanced it was found that 
R;=1000, Ro=10, R3=...ohms (444 in the example). Hence the 


unknown resistance p 
Ry 10 
X SERIE x = y 
Ri 3= 990 X ... ohms 


[In the example taken it will be 4-44 ohms.] 


Method followed. 

(1) A circuit as in the circuit diagram (Fig. 7.23, left) was built. 
10-ohm plugs=were removed from each of the arms P, Q, R. The 
circuit was checked by the teacher.: With his approval I started work. 

(2) Inoted the direction of deflection of the galvanometer, pressing 
the battery key first and then the galvanometer key. The same was 
noted after putting 1 ohm in the rheostat arm instead of 10. The 
galvanometer showed a deflection in the opposite direction to the first. 

(3) R; was reduced by steps of 1 ohm at a time (from 10 ohms). 
The direction of deflection was noted each time. This was carried 
on until on changing R; from...ohms [7-1] to ...ohms [n] the deflec- 
tion reversed direction. 

(4) Ry in the P arm was given the value 100. R was given the 
value ...ohms [10(n+1)]. Again R3 was reduced by 1 ohm at a time 
until the deflection reversed. This occurred between ..ohms and 
„ohms. 

(5) Ri was raised to the value 1000. R3 was also increased ten 
times.- The key of the galvanometer shunt was opened. By changing 
R; by 1 ohm at a time, the position of balance (that is, no deflection in 
the galvanometer) was found at ...ohms. Fromthis 4 was calculated. 


(6) The circuit was dismantled. 


Precautions. 

(1) All the plugs that remain in p. 

(2) The connecting wires must be tight. 
pulling each wire at its junction. 

(3) In all cases the battery key 
meter key. 


Oral questi 
is its theory © 


Jace in the P.O. box must be tight. 
This is checked by lightly 


is pressed first and then the galvano- 


x? Why is it so named? (2) What 


‘ons. (1) What is a P.O. bo: 
dition of no deflection depend on the 


f action? (3) Does the con 
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rrent in the circuit? (4) Will the condition of balance change if the battery 
ana the galvanometer are interchanged? (5) Why do you think it necessary to 
press the battery key first and then the galvanometer key? 


Answers. (1) See Sections 7-12 and 7-12,2. (2) See Theory’. (3) It does 
not. (4). It’ will not. (5) When the battery key is pressed with the galvano- 
meter in the circuit, the rise in current in the circuit may send a momentary current 
through the galvanometer due to self-induction. giving the needle a kick. 


7-15. Experiment 32 


To verify the laws of series and parallel resistance with a P.O. Box 
Theory. (A). If two resistances rı and ry are connected in series 
their equivalent resistance rs is given by 
ls=r +r. 
(B) If two resistances r; and ry are connected in parallel their 
equivalent resistance rp is given by 


ied 1 


(C) According to the principle of wheatstone bridge, for no current 


through the galvanometer we have o= $ This principle may be used 


for measuring rs and ry. Determining or know 
and rs, the laws can be verified. 


(The laws apply to more than two resistances also.) 


ing the values of ry 


Apparatus. P.O. box; two resistances r; and ř2 whose values will 
be supplied at the end of the experiment (2 and 5 ohms or Sand 10 ohms 


are suitable); Leclanche’ or Daniell cell; galvanometer with shunt; 
connecting wires, 


[Directions for the experiment, 

í (1) Build a circuit as in Fig. 7.23. 
Tesistance Y in that figure, first substit 
ry and 7, (as shown at (ii) in the figure), and then the parallel combina- 
tion of r, and r> (as shown at (iii) in the figure). Determine Fs and ry. 


All other directions are as in Experiment 31 (sec. 7-14). Tf ry and rp 
are not known then determine the values of ry and rp fi 


But in place of the unknown 
ute the series combination of 


rst.] 
Observations. If r; and ro are unknown then m. 

for ry, 75, Fa and Fy as in Experiment 31. 

then make only two tables for rs and ry. 


ake four tables 
But if ry and r, are known, 
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Calculation and Conclusion. 


T1 T2 Combina- | Combine resistance of iyi Conclusion 
(ohm) |(ohm)] tion of rı | and rz according to 
and rz in 


formula experiment 


Series ay a3 Within the limits of 
experimental ‘error the 
laws of series resistances 
and parallel resistances 
Parallel ayes Piste are verified. 


Method followed. (1) to (5)as in experiment 31; but write 7; for x. 
(6) By same procedure ry, r, and rp were found. 
(T) The circuit was dismantled. 


Precautions. As in experiment 31. 


Oral questions. (1) What is series combination of resistance? 
(2) What is parallel combination of resistance? 
(3) Is these laws applicable to any number of resistances? 


Answers. (1) A combination of resistances in which the same current flows 
through all of them is a series combination. The effective resistance Ts of a number 
of resistances in series is higher than the highest of the connected resistances. 
(2) When one end of a number of resistors is connected to one point and the other 
ends to anoter point, the resistors are said to be connected in parallel. The effective 
resistance rp of a number of resistances in paralle] is lower than the lowest of the con- 
nected resistances. If the resistances are pone the current flowing through each 
is different. The total current is the sum of all these currents. (3) The laws of 
series resistances and parallel resistances apply to any number of resistances. 


West Bengal Council of Higher Secendary Education 
Physics Practical Examination-1985 
(General Stream Course) 
Time : 3 hours Full marks ; 40 
Answer two questions taking one from each of Group A and 
Group B. The experiment of Group A is io be completed within 
1 hour and the question carries 12 marks; the experiment of Group B 
is to be completed within 2 hrs. and the question carries 18 marks. 
Laboratory Notebook—6 marks; Viva voce—4 marks. 


Group A 


1. Determine the volume of the given solid of irregular shape, 
heavier than water and insoluble in water by a hydrostatic balance. 

2. Determine the specific gravity of the given solid insoluble in 
water and lighter than water by a hydrostatic balance, 

3. Determine the Specific gravity of the given solid insoluble in 
water and heavier than water by a hydrostatic balance, 

4. Determine the Specific gravity of the given liquid by a specific 
gravity bottle. 

5. Determine the velocity of sound in mois: 
resonance air column. (Neglect correction due to temperature.) 

6. Verify the laws of reflection of light by 


the pin method using a 
plane mirror. (The experiment is to be done with at least three angles 
of incidence.) 


t air with the help of 


7. Verify the laws of refraction of light by the pin method using a 
rectangular glass slab. (The experiment i 


r gli s to be done with at least three 
angles of incidence.) 


Group B. 


1. Determine the specific gravity of the 
insoluble in water by a specific gravity bottle, 


Za For a simple pendulum show that the squares of the time- 
Periods are Proportional to the effective lengths (T? c-1). Draw a 
graph with the readings of T2 against 7. From the readings or from 
the graph determine the value of ‘g’. (At least three effective lengths 
differing by not less than 5 cm are to be taken. The diameter of the 
bob will be supplied.) 

3. Determine the Young’s modulus of 
Wire by the Vernier method or Searle’s m 
by drawing load-elongation curve, 


the material of the given 
ethod and verify Hooke’s law 


given granular solid ` 
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(Readings are to be taken for at least five different loads and for 
load increasing and decreasing.. Young’s modulus may be calculated 
with or without the help of the graph.) [Diameter of the wire will be 
supplied.] y 

4. Verify Boyle's law of gas using different pressures—atmospheric 
pressure, two pressures below the atmospheric pressure and two pres- 
sures above the atmospheiic pressure. 

Draw p—v or p—! graph. (Atmospheric pressure will be supplied.) 

5. Determine the value of the mechanical equiavalent of heat by 
electrical method, (Neglect radiation’ correction. Specific heats of 
oil and the material of the calorimeter will be provided.) 

6. Determine, by the method of mixtures, the latent heat of fusion 
of ice. Neglect radiation correction. (Specific heat of the material 
of the calorimeter will be supplied.) 

7. Determine the frequency of the given tuning fork by a 
sonometer. (Use at least three different tensions.) (Mass per unit 
length of the string will be supplied.) 

8. Determine the focal length of the given convex lens by the 
u—y method, Draw u—y graph. (Take at least five object distances, 
and the successive object distances differing by at least 2 cm.) | 

9. Draw the lines of force due to a bar magnet with its N-pole 
pointing north and indicate the neutral points on the map. 

` 10. Draw the lines of force due to a bar magnet with its N-pole 
pointing south and indicate the neutral points on the map. 

11. Verify Ohm’s law using an ammeter and a voltmeter and 
determine the value of the given unknown resistance. Draw VEE 
graph. (At least five different sets of readings are to be taken to verify 
the law.) 

12. Determine the values of the two. given unknown resistances 
Separately and when connected in parallel with the help of a P.O. Box 
and verify the law of parallel resistances. 

13. Determine the resistance of the given wire using a Metre 
Bridge. (Use at least three known resistances for determining the 
resistance of the wire and take readings by interchanging the positions 
of the wire and the known resistances.) [Ignore the end corrections.] 

14, Determine the reduction factor of the given tangent galvano- 
meter with the help of a milliammeter supplied, Find the value of the 
two currents corresponding to the deflections 30° and:60° of the galvano- 
meter. w 
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Some useful logarithms 


log 7=0.4971 2 log 980=2.9912 
( log 76=1.8808 log 13.6=1.1335 


~ log 273=2.4362 log 4.2=0.6232 
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LOGARITHMS 3 
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Some useful constants 


7 =3.1416=3.142 e =2.71828........=2.718 
7? =9.8696=9.870 loge 10=2.30258....=2.303 


EE E 
e= latara n eee to œ 


166 


EGR TRU 


Bes —— 


2 
2 


PRACTICAL PRYSICS 
ANTILOGARITHMS 


3 
9 


Ma at 

ab bed bak bak et pes oar ae 
LOND mt te 
DONEN 
ONNI 
torototere 


torn 


1312] 131510 
2243/1346) 


o 
14086 | 140919 
2439) 144240 


1472| 1476f0 


kukwaa www 


1440 
1433| 1486 | 1480 1493 311507 |15 

1517| 1522115241 1545 161919 
1552 41563 1 1578| 158110 
1589 1614/1018} 0 


643 | 1652] 1856} 0 
1690] 16940 
1230/173410 

5]2770)177319 
1812] 1816] 0 

1881 1854| 1858 

Oy 1884 1897 o 

1979} 1923 3011941 

19634 1968 1936 


Ocoto UW DNNN 


1628 
ya 


NENE NINDI DMN Mw Be t 
ONNO NIN NENO KENNY 


MANDA NDOA Ree 
coda 


2080 | 2 
2128 


®% trenton 


PE ek fake a dha MOSS O 


Kuwa eos 
ABAKA BARE wau 


WAN ed 


2588) 2594 | 2600| 2 
264912655 | 2661 
271v] 2716| 2723 
277812780] 2786| 2 
2838 


8062 
3133] 3141 


monn VASES aaan REED Www wets WHEN won 
aoaaa SALA anuon nase hadia shawn kuni 


Pa b peb eh le pat a p 
NENO ONONO NNN 

wawa WN ONNO OED 
mw Kawa OW OON 
aana Beaman Awowo 

mann gage DDA am 


Conversion table 


; Reciprocal Reciprocal 
l inch = 254cm 0.3937 1 1b=453.6 gm 0.0022 
1 yard =0.9144m 10936 =0.4536 Kgm 2.2046 


1 cu. ft.=28.32 litres 0.03531 | 1 gallon =4.546 litres 0.2200 ¢ 
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Conversion table (Contd.) 


X10° dynes/sq. cm. 
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Dr. D. P. Raychowdhuri needs no introduction to the 
scientific community. A lifetime spent in teaching of 
Science has enabled him to keenly appreciate the problems. 
faced by students in mastering the subject. This lucid 
book is the fruit of Dr. Raychowdhuri‘s labours to solve 
there problems. Dr. Raychowdhuri has been ably 
assisted in this task by professor D. K. Ray who has been 
17 years experience of teaching physics. 
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